OREILLY"
LT EREmigitas

Hadoop Application Architectures

fBEHadoopEk, EF W AFIREERES, SHEMBTNAHEE
B3R 21T B 30 & AiMapReduce., Spark. HiveF TR EBEIERATR

[2£] Mark Grover, Ted Malaska,
Jonathan Seidman, Gwen Shapira &

FB i F

\

[ i O § AR

ER1tX£R largelove(largelove@163.com) E= EEEhFiR



£ F hiR X 7= B

BRHEXRBEFEEEXAEEE
Fin, BAEEEERELE, BE
CE XA 55 22 F0PDFR)1E 22 31T
%] 12
BRI R FHNEEDAEH,
REFZW, TFHITERE,
HMNBEEHREZEEEXHENR
MEE, SFEANELERPEIZ =L,

MR L EFERITAH, RITTRE
X1z B A 3K SR (B A R T X 1%
kS F LT, FHATREIBRIEE
=T



FENA

FBHE

Bl FreRET W RS, RIEFFEHEK
ZE, HEFENTEEREEATR
2%, ETHREMEER D, JHR
THOER, IRFSERNBELED
JilE,

ERttX£R largelove(largelove@163.com) E= EERRN



TuninG [EER L EERATE:

Hadoop iz A 2844

Hadoop Application Architectures

[32] Mark Grover, Ted Malaska, Jonathan Seidman, Gwen Shapira &
3B %

Beijing « Cambridge * Farnham * Kéln * Sebastopol * Tokyo
O’Reilly Media, Inc. 42 A K W} W, B R4 BB IR

N Bl Y R

S| TS

ERttX£R largelove(largelove@163.com) E= EERRN



EHEM%E (C1P) HiF
Hadoopfﬁﬁ 1"] [ (5R) HIg e IR

(Mark Grover) 23 ; FECHE. — Jbit © AN
H AL, 2017.1
(RSPt A5

ISBN 978-7-115-44243-7

[. OH- 1I. @5 @FF--- . OFHsab B KA
IV. TP274

i A B AR CTP I 4% 7~ (2016) 552920445

nERE

A A8 7 Hadoop 5847 . A T TG ZER G B AN, B 1R Wi 4R A 2 AL
HBase ., Kafka. Spark % Hadoop 2k 2 Bl T LA k52 B 1) R BB R 5 % . BN sr AWiEssr,
— #5284 FH Hadoop G HE b AR it S22 TR (R, 58 3040 Je s 4 fl {5 FH i G A 223
A 1S B AL T Hadoop HUSEER R DL T 42,
APESHAF RN, BN, TH FE%,

¢ = [3%] Mark Grover, Ted Malaska,
Jonathan Seidman, Gwen Shapira
=3 ook
DT K #
E7 e i
TEENH AR
o ARIBHHRHREST ARl EERRAFRKILS
Hig% 100164 BTl 315@ptpress.com.cn
Mk http://www.ptpress.com.cn

At Ef ]
& JFFA: 800x1000 1/16
Epsk: 19
R 449TF 20174E 1 A% 1AR
EN%: 1—4 000/} 20174F 1 AAEHCR 1 ik EI
FERATRRILS  EF: 01-2016-7590%
FEM: 69.007C

IEEREHL: (010)5109518655600 ENSEREHLZ . (010)81055316
REBRMZ: (010)81055315
ITEZ2EWWIE: REIEI % 8052 5

ER#tX£R largelove(largelove@163.com) £= EEHRN



Wi 75 B

©2015 by Jonathan Seidman, Gwen Shapira, Ted Malaska, Mark Grover.

Simplified Chinese Edition, jointly published by O’Reilly Media, Inc. and Post & Telecom
Press, 2017. Authorized translation of the English edition, 2015 by O’Reilly Media, Inc., the

owner of all rights to publish and sell the same.

All rights reserved including the rights of reproduction in whole or in part in any form.

FCR AR O’Reilly Media, Inc. Ak, 2015,

FET A SRR N BB L EH R HE R, 2017, SR R R 1345 2] O’Reilly Media, Inc. 1Y
P, AR ORI S RO B 45 B HH AR BRI A BT A B IR T

RRALET A, ARGV A], ABEMERD AT DM E

ERttX£R largelove(largelove@163.com) E= EERRN



O’Reilly Media, Inc.4} 43

O’Reilly Media i it 45, 7%, LRSS, ARBFRE NS IS T % 8% G0 ik,
F 1978 4EFF4f, O'Reilly — E AR RIS K JEA WIEEFIHERNE . BERREN E/EFF B
BAK, MBANDCHEREREEZMERGE——@d BORIRLE “MiIES" kREtL
SOAEHTRHE IR . ME AR X ISR 2 55, O’Reilly F K JEFE# 1 X4 G871
B, GhEfkek,

O'Reilly M-I RN IR FE AR “ShH" 5 QIS — il s (GNN) 5 4H
AT DRI R AR 25, AR TR s ah LA #8150 T Make 2435,
M DIY S F 208 2wl — b bl i 2 Mo 2545 85 N RIAa,
O’Reilly FY2x ICFRIGE 23 B2 58 T A 2 B P 2 e WS s W A g ol oy, 3 [ it 2% tH 5 61
HrL A A PR AR RO EAR N LRI BRYERE, O'Reilly IUAEILHF L8 LKA
SR A AR T RALUR P EiREd I A AR, EERS F ik, B
i O’ Reilly 7= ah B e T 23 WA ] S R PG —— (5 B SR BT &,

b SR
“O’Reilly Radar 1 %4 v % 4% )7
Wired

“O'Reilly EfE— 25 (AAZ L MAALBIT ) EARFEITHE T ELH LS

Business 2.0

“O’Reilly Conference 5 J 48 X 4% B A8 AR Ak 09 26,34 378 )7
—CRN

“—K O'Reilly ¥ B#RE—ANAR., Ailik, ELFINEMR.”

Irish Times

“Tim RALAF ZARATH BA, AR TR KT, &) @A, SF B0 5% R
Yogi Berra 89 KA T : o RMRERE LBH RO, A (%), @Rk,
Tim A-FH— RAGLFE T D&, ® BAJLRHE— WP gL, B XL,

Linux Journal

ERttX£R largelove(largelove@163.com) E= EERRN



B

%I,“

‘x%r_—? ................................................................................................................................................... Xiii

}"%- ............................................................................................................................................................. XV

‘-ﬁ—é— ....................................................................................................................................................... XVvii
4y %) Hadoop BHRYZERE L

% 1 E Hadoop %ﬁ?&ﬁ*ﬁ ............................................................................................................... 2

11 B R R I T0 oo 3

1.1.1 ﬁ—,ﬁ;;,qu;fg\g& ................................................................................................................ 4

1.1.2 Hadoop A TR e 5

113 FPRUIARAFAE AL R, oeeeerereeeeeeese e 7

114 B R BAEAE R, ceorerrereerermee e 8

L. 1.5 JRZE vveeevreereneesonee ettt 10

1.2 HDFS BT IS T eeeeeereereereese e 12

1.2.1  XAFAE HDFES TP BG4 B ereeeerereeeesenee et 13

1.2.2 B8 HDFS ALK GR Tt reereereerememe 14

123 HDES A KGR 82 coomorvrrrssssssssmmsesesssssssmmsseesssssssoossssssssssoossessss st 16

1.3 HBase BT IEE T -vreeereererrrereee e 17

1.3, 1 A e 17

1.3.2 B JA] AR ceovrerememens e 19

1.3.3 0 op woeeeeseremsesemse sttt s 20

134 %o REIOM v eeserersessrsenststns it 21

1,305 A3 B G1] weeeeeemmeeee et 22

\

ERttX£R largelove(largelove@163.com) E= EERRN



1.3.6 3% -

1.3.7  TTL ceeeevvneeeeemnmnnee oottt
1.4 ﬁ%ﬁﬁ%‘:}i ............................................................................................................................... 24
LA.L A A TT B -eeeeerer e 24
1.42 7@{1—/4%_%[;}}%59%?% .............................................................................................. 25
1.4.3  FLELIBEOGAAEAT T ooererrerrere et 25
1.4.4  FUECYEE R ARAG] +overereernensetnet e 26
1.4.5 Hive metastore 5 HCatalog B By TR v eeeeeene e 26
LA.6  FRLZAEFCELIEAY T K, coreereereeressesseiemie e e 27
1.5 B oo 28
FE2F Hadoop EBFEER -+-vvrrreererresssrres s 29
2.1 BB R T B e 20
2.1.1 ;}gi;}}g_%%% Hﬂ’;’?i'fi ...................................................................................................... 30
212 i‘é”i@‘i%ﬁ ...................................................................................................................... 31
213 FEAEX
D14 FEHETR e BB YE LE Y voevereerereeressenei sttt 33
D15 T H ceeeeeeeeeee et e
2.1.6 MAHLH
217 Mg A
2.1.8 FRFNIEIE G T FhTE K oeeerrrererrrreer e 36
D 1.9 AT AL FE ceeeenee et 37
D110 B e oo 38
22 ﬁﬁ;&%ﬂf% ........................................................................................................................... 38
D01 SCAEAEBR woereereereeses et e 38
2020 SAAEH S B AE T SR B G e 41
223 Sqoop: Hadoop 15 38 Z BCHE B GG BB b direeereeeseeessemssemssm st 41
224 Flume: A T F G 303BNKIE B AL IE -ovveerereresetnestsittse 46
D05 TAfK@r+ereereereereereeeneene et 53
23 %&%Eﬁﬂ ................................................................................................................................... 57
2.4 /J\éju: ........................................................................................................................................... 58
g 3F HadoOp FHBABTE -+ vvvvveeemseeeesseesssei i 39
3.1 MapReduce
3.1.1 MapReduce FE I veeeernee et 60
31,2 MApPREAUCE T +rereesseessemssressems st
3.1.3 MapReduce 1% A %%
3.2 Skt
3.2.1 Spark BB AR oo 72
3.2.2 SpArk ZHAFAEIR «rreeerererereseems et s 73
vi | BX

ERttX£R largelove(largelove@163.com) E= EERRN



33

34

35

3.6

3.2.3 Spark A XA

324 Spark B A, B8 veeemnee et

325 Spark ﬁ:{ﬁl} .................................................................................................................... 77
32.6 Spark 1% FA %% ............................................................................................................ 79
?EE%E ....................................................................................................................................... 80
33.1 Pig ................................................................................................................................. 81
332 Pig TIRABI] veeeene e 81
333 Pig @Uﬂiﬁﬁ% ................................................................................................................ 83
[0 170 1 R T e 0 O P RSN 84
341 CrUNCR TR seeeeeesresees e 85
3.4.2 Crunch /& R };]7% .......................................................................................................... 88
Cascading .................................................................................................................................. 89
3.5.1 Cascading IR v eee e

3.5.2 Cascading 1% JA %%
Hive ...........................................................................................................................................

3.6.1 Hive 7}%2}' ...................................................................................................................... 92
3.6.2 Hive 1l
3.63 Hive %%

3.7 TI@L@-sewererseesseererseres et 98
3.7.1 Impala BRI were et 98
372 GBI IR B TG TE AT e 99
373 TIMIPAlA T +reerersressemss st 101
3.7.4 Impala {i)ﬂﬂ iZJ% ........................................................................................................ 102
B8 NG e 102
% 4 E Hadoop éﬂ?&%f;iﬁﬁﬁ :;"'E‘Et ......................................................................................... 104
41 B R RBIR TR A LT - rrrereeeeseresseeess s s 104
411 F T T GG TRECIE 2 R, coeveeeeereres e
412 RAEFEG]: AEA Scala FIL Spark F5 T e
413 REGFH]: I SQL FILIe T coeeemeemmmemessesessss s
42 FEF T BB TR GT 4HT cooeerreerer e

4.3

421 ERTTE AT TR
422 RABTH) . A& R Spark 9T R 6 SpE Fe ik o

423 RETHE . KA SQL 5T HAE Y Bd Ao fl B e
B = T A] B AT T oo eeeee e eeeeee e
43.1 F)JA HBase B AR P v
432 VAL T FAEL T AL BT TV HBaASe G AT4E oottt
433 FE HDFS FIE F AT AN F e
434 F) ] HDFS L& K B4k B AT i0 T Fo 1 L AT FE -ereererereeesesessnssisetii 117

Bx | vii
ERttX£R largelove(largelove@163.com) E= EERRN



4.3.5 & REFE] B ) B AR B ceeeeeeneee e . w117
43.6 ARALTAE . 1E A Spark AT ] 5 B0 LI +oeeveemvemermemnesnestesste s 118
437 ARALTAR . 4E A SQL T ATETA] 5 L +eevereemereeresmesmees e 120
B NG et 123
EHE Hadoop B AB TR - voee e 124
5.1 LA ] ovreerereeresee e s 124
5.2 A A B AL e et 126
53 ﬁﬁﬁggﬁ;‘:ﬁﬁ@ybﬁﬂ ......................................................................................................... 127
53.1 jkrg])f_ﬂ’.,ﬁ—;};a;ﬁ ........................................................................................................ 127
5.3.2 0 BSP BRG] cereeerneern e 128
5.4 GHTAPI - +eeeseeses oot 129
SA.1 BB O NS coveeeeee e 130
5.42 AEJH BSP Bl AL FE J cooeeereeeeetee e 132
543 «]%EEJI%‘E?Z:& ............................................................................................................ 136
544 ERRARIER =137
138
55 138
138
552 GraphX W Pregel B T e 140
5,53 WPFOQ() rereeeereerssssessntessts ettt 142
5.5.4  SENAMESSAGE() #rrrrrrrersreessressssessttssis sttt 142
5.5.5  MEIFGEMESSAGE () #rrrressssererrssssetstses sttt ettt 142
5.6 LI EATE e 143
5.7 I VB e 143
% 6 E -]-j}iﬁ]lﬁ]g ............................................................................................................................ 144
6.1 TAETR TNV FE B AT o ovvvseressrsssessssesssses sttt 144
6.2 FHIAS A R e eerereeeem e 145
6.3 ﬁﬂﬂ{f%lﬁ@f%& HAdOO «+eeeseesesessessssmssisinsisinsisiii 146
6.4 Hadoop He S R G TAETRHEZE - voveereeeeee 146
6.5 QOZIE T +vererrerrsereessses et
6.6 0ZIE BT «+rererrerererenee e
6.7 Oozie TAER
6.8 T EIRTEIR verreresseeesssee st
6.8.1 & Xﬂ‘,s‘ii{ll/f/ﬁhﬁ ........................................................................................................
682 mEXTAR
6.83 & L REX TR
6.9 TAEIRZILAL vvesevrssersssssssemssssssssss st
vii | B

ERttX£R largelove(largelove@163.com) E= EERRN



6.10 Classpath T S eeee et
6.11 Uﬁ}g*ﬁﬁ ...............................................................................................................................
6.11.1  ARFFIRTGIE «ovreereorromeriet sttt b
6.11.2 B i) R AHEARA X
612 HUT TAEIR -eveeeeeeeessssssssssssssssssssssssss s
6.13 7 N e
% 7% Hadoop ILS:RHALIE
Tl TR AR e
7.2 APACRE SHOIII ++vseererseessee ettt
T2.1 SOOI B 2B ZE A +rerrerenrensnsente sttt
T2.2 SO FB A eeeererrersermetssisti i s
T23  TLLLTRILIE AL oeevereererremsestmte sttt
T4 SPOUL Ft DOIL+eerereseesseesseess st
T25  BRAE LA AEL oovvererernee et
7.2.6  Storm kA &9 T
T2.7T  ALAEFE = IR AU worvveeenrernneentte e
T 2.8 A e
7.2.9 Storm 5 HDFS %ﬁ&‘ .................................................................................................
7.2.10 Storm 5 HBase %ﬁ&‘ ...............................................................................................
7.2.11 Storm =4 : f&EA%3F3Y-
7212 SHOrm FAE eereerer et
7.3 TNt JEE [ cveverereesesreremeet e
731 Trident m] ;{5 FAS T T3 coverreersemmremen 184
7.3.2 THAENL TR Ad erereerereerese s 186
7.4 Spark Streaming
7.4.1 Spark Streaming FBE I «orveenrerne ettt 187
7.4.2 Spark Streaming =1 : FA] S SR e 187
7.4.3 Spark Streaming TRAT] © D BRI N v eree e 188
7.4.4 Spark Streaming TRAF] ¢ R A YR eeeeereere e 189
7.4.5 Spark Streaming A ;B T B ELreeerreesee s 191
7.4.6 Spark Streaming =1 . Streamlng 5 ETL AR AL PE AR -veeeevreesneesineiieiiiii 191
747 Spark Streaming FFff e eeeseeeseesseessensstns s 193
7.5 FIUme FEF A oo 193
7.6 I,E\‘Jif% ................................................................................................................................. 194
7.6.1 ARIERWEIEY F . BBIE . FREB R IE oo 194
7.62 NRT H AR, BFNFH B AEAR AL IT corvereeeeteietii s 195
T.6.3 B ZR BB IR wverreerere et 196
TT TN e 197
Bx | ix

ER#tX£R largelove(largelove@163.com) £= EEHRN



$8=
8.1
8.2
8.3
8.4
8.5

8.6

8.7
8.8
8.9

Fo=
9.1
9.2
9.3
9.4
9.5

9.6
9.7

g5y RIS

,'.|="_\ Eiﬁﬁ*ﬁ ....................................................................................................................... 200
Jﬂﬁ'ﬁ%}?\ﬁx ......................................................................................................................... 200
(8 FH Hadoop HEAT KT A AT +reeeverrssssssssesssssssss s 202
l&ﬁ‘*ﬂ%ﬁj ................................................................................................................................. 202
ﬁﬁﬁﬁ% ................................................................................................................................. 203
B TR e e e 205
8.5 1 P 5 S eeeee e 208
8.5.0 B B8 ettt 210
AR THL +++vvvevsseeesseeiss et

8.6.1 #EEEF
8.6.2 AiEAMR

Bl s bir
P
IV ottt

: Ai’ﬁmﬂ)l“ ............................................................................................................................ 222
ﬁegig&% ................................................................................................................................. 222
}Fﬁé‘?ﬁ‘ﬁ] ................................................................................................................................. 223
HRVERS T 2 G5 HEAE T ++vvvveeeesseeesseeess s 223
Jﬂﬁﬂﬂ’?ﬁ ................................................................................................................................. 223
BB TEE T e eeeerer et 224
R P A e e sttt 226
TE G AT R T LI [] ++oveveeeeeeneseene e 226
9.7.1 g/iz’% ............................................................................................................................ 227

0.10 TSI AT et 238
Q.11 FEBRPE AT -ereereereeremrem e 239
012 FLIZEHGTFEL -+-veereererrerresreeres e 240
0.12.1  FIUME FE A B8 +eereereermrreetete et 240
9.12.2 M Kafka %] Storm X, Spark Streamung: -« +seeeseersessssmssssisisie 241
0.12.3  F G MBI F] HE et 241
0,13 N e 242
x | BX

ERttX£R largelove(largelove@163.com) E= EERRN



% 10 E ﬁﬁﬁrﬁ ......................................................................................................................... 243

10.1 fEMH Hadoop FEE AR A JIE +veverveeeresm e 245
10.2  FHATIEG ST S wevevveeersersernesneete et 247
10.3  OLTP BT rereeerrereeee e 248
104 BUAREAFE 1 RIS TG - vereeererserseses s 249
10.5 BARGER Hadoop S e 251
10.6  ZEFGURE LT -orvereereeersremee e 251
10.6.1  BYETEBE B G +ververeereereenet et 252

10.6.2 BB R BB -voverermere et 261

10.6.3  ZLIBE AL FE JZ G757 0] rveervreereneemsnsentte e 264

10.6.4 _&}i%%é\ ................................................................................................................. 268

10.6.5 BB G- th coreeree e 269

TO.6.6 7L B eeerereereeente e 270

10,7 7N et 272
MtFE A Impala L]y T P PR 273
.ﬁg%ﬁﬁj\ .............................................................................................................................................. 277
iqﬁfl\gﬁl .............................................................................................................................................. 278

BX | xi
ERttX£R largelove(largelove@163.com) E= EERRN



ERttX£R largelove(largelove@163.com) E= EERRN



FEF

%4~ H, Hadoop CLE K T AR, FrELK RN EZ R, 2016 4% Hadoop & J& 156
FAEL, M v F V2, BHESEERAMN 3.00-GA, HIhhe. PEEE. FaE kT M5
F THKRIFETE . Hadoop fE MV A FNE R ARz E . R S, T4 TRk
R AT fpe Ay R P B AR R RS AR R . AR R o A SUAF i ) HDFS. £ B 45 A1 2K
TR MapReduce, DA B2 7 R4S AT 55 TR FE HEZE YARN —[RIF B T 5 SGekiE e b
) Hadoop, ifii#&F Hadoop Y& A2 TEES) K e . AT AR E R — R R 2
K Spark L% 2.0.2 (2016 4F 11 H 14 H), HE¥F SQL H 1k ik £ M 17514 (MapReduce,
Tez. Spark) MY Hive £ 2.1.0 (2016 4F 6 H 20), $&{i# {E % 17 BT £ b A 1 2 5088 2
HBase £ % 1.2.4 (2016 4 11 A 7 H)., Hadoop A H#EFER, KF&FENH B E
WA (2 http://hadoopecosystemtable.github.io) ,

Hadoop 518 FF I 41 X B DRk & FA B AT 3% 40 A sCR5E TR R BB A&, SR, fERHL
WOEAWHRELE ST, A 2 KO TC AR S i Sk R H B B . FFIRfEX i
3 DR P AR Linux 58, /£ R 2 A4 Linus Torvalds FYAF 4 T, Linux #E AR 55 2% f
AR HEIUE, SO THRERGNRT, F Android —i & #5 TR 2h T KL
W, fERmTHhA K. A% Linux KATHOKHERREE T REN, H4EPhaad
WK PR, R RRATHIOE RGBT ZhRE. (25 IHAY Bug, X SEH AR S HFIR 55 B K
K& T Linux Y5 AP, S5FFFAETZE Linux 24{0l, Doug Cutting K4-FF GIfY Hadoop i&fT
TEBROY i IR S5 2% b, DABEREZ ), srifiih Z Mo e R (e e i . (B 5efE ik, &aeit
R SR TIOR8, LR BRI AL B A T R RE. 1l Hadoop 1R EEHEA T & 47
st £, [ 4 Cloudera, Hortonworks, DataBricks, MapR., EMC %2\ 5] K [E N R AE A
H5ERAHEL T B CHERIRTRA, & Hfr@biT RNk Hadoop A& R G-,
$2 it BugFix F11 Backport i Patch, LA KRS {E IR 55 Fnde A S, anH-ZARETERY CDH,
HDP %, Amazon i EMR. Pl B Z:fJ MaxCompute (J§i ODPS). H JEfY BMR & (L1
PR FRRAE S 0l A BEARAMREEDE 5 s R B £, ks 55X SQL 518k,
Cloudera JJ1fEAY Tmpala & fifE 77 i% Kudu, Hortonworks FF&E(EILAY Hive, Spark 4= & H JH

Xiii

ER1tX£5 largelove(largelove@163.com) £ EERRN



H: [y Spark SQL. Facebook Y Presto. EMC Y HAWQ, MapR fJ Drill A & 3+ HBase 1Y
Kylin F1 Phoenix #B/& SQL-on-Hadoop, {H%4 T#k, Hadoop A4:#EELE Ak alm T,
WA TERAGHFEE ., mMAES S rEE 4, ik Hadoop AR MR &, thikEdamET
At TEAFFREFA S, BETH, EH, BAJHE, BRTEMEE. itk SR
WRPEFIZE 2 A0, BRSO FI RIS AN 2k,

RXFARBE

AFRGHRIL T Hadoop £ AR PEHY 2 5 18], REAS LT A (ISR HLAY & AR % . IRERLA e
R PEFIZ 251, LRI AT LA T f T SR AR QAR AR B 2 e S A M 25 B AN SE M, R —
A A1) P AR R A0 R SEEL R B . BT S T) AN RIS, 1 fi) ] RO g phe 1) S8 A [ 76
PURIERITRE, WH SR AR, SOARELATLSR, 8o/ MO oYL, Skt &k
THEAFRIT S A AE R R AARN IR I 2 LRk R A 2R NS e . AR
TEERIRE, AoRERTEERER, wTEVEEZE, MBS, E ol 5iaE, AR
WP LTI A T B TR IR =2 B s, AR T DR i PRl s sk 2T
BARERY S B I RE

A BRI RS, OBk, R, JRIR, AR s s, ke i
KH.

T R e N AN (AL A BE R ACEE, LRI AT DAL R R RN, JE A ]— k%
B ke e SEIIRAE T RADORISCRAAT I, SR = e, XN, —[F
HETFET X,

Wl KK AE 2 “Hadoop b2 AZHK” QQ BEs B A “345527351” RS, A ALY
# QQ B, ATIMANBABAIALLET L, MR R AR S A& Fh A,

AT
R LA
2016511 /208 Tix
xiv | FER

ER#tX£R largelove(largelove@163.com) £= EEHRN



FF

fEid B9 T4EHT, Apache B2k 4x 29 Hadoop iU H SEB K & . IRIKIAI 26

Hadoop #2#)& Nutch i H B —#85y, B AESRME— Rl Rz KA Rt ——dl il i R Ay X
FrE PB BARRIALEE, 2005 4F, Hadoop % RFE(EIL T E ML Lizsfr, HFHRATEE.
A —/NERSr N4 Hadoop ik, ZR45TF, SR, —2NRT T EWRREEs, —
FRLTERT. AIYRAY, BRI BESE, A& RIS GTE.

#2007 4, Hadoop HJEY EPELE Yahoo! 22 FIf4%] THESE, H AT Hadoop B2 FILAERLT
E¥las ErHEHIZEIT T . Yahoo! 2258 —/- 6 Hadoop T A H, ileH AT
IBEI 28 W ARZR(E F, 40 Facebook, LinkedIn LA Kz Twitter 25, S ARX AN Hadoop #£
PB KR AL EHIA RAFRY SR, (A ESIC 2 2 fiIF A Java 1B BUALAL 12
H, FIE HPTE A S

a2k, Hadoop 1EA—AE A B RGHIZL, BN T AL A% a4 il L PE e mT
FiPE (High Available, HA) LLRGB AR (YARN, Yet Another Resource Negotiator,
PR IE ) .

Fil %% Hadoop iX —#Z%.Ls, F74E T — RIMAE A TH, £ HBase 5 Accumulo K1, &
IHTRE A5 42 b 75 2 i B (B 6 A7 fif, Pt b2 28 B Ry B2 FH D[R], 1 Hofth— 28 T H., 41
Flume, Sqoop UL & Apache Kafka, BE#EHSB)5E MR /E Hadoop i B LA 5 T,
ifii Pig. Crunch U\ J& Cascading £ fit 7 3 58 kit i APL, SQL 7 i) g 0% 3 ik Apache Hive 5
Cloudera Impala #&b¥, Apache Spark H & — /MBI, BENSFEHLE MK, ERILAIHLAL
L API, [RIRHE LA BB 5118 % 2], Apache Oozie 5 Azkaban FEf%
P AFIA DL T A,

FEANAE R X LR F A LE R KW ? MIFF Hadoop A2 ARG KT ], — K TR IEMN b
ik, SEMESFE—FFa, TEEMXE TR Z R MANERCHT, DA XHRA
B, AAVER FEH T Hadoop K% I R GU T A £ 4R 200, A5t ix el
AR RIS i

XV
ER#tX£R largelove(largelove@163.com) £= EEHRN



BE PR, A&FEHNT AR EMEERX L T, HExhs b, THAERFEEK
DR, ABA T RAF RIS AL, WA TRRINGE A, LA EHA REE X E
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EAG IR UL, 75O AN B AL PR 4548,  Apache Hadoop 7 & T 4 iy 4 B HE g
Hadoop UHEARBE N, (EMRVF 2 A7 R ZRREMS IR D LAMEBCAR A FTREMR DA ), X £
AE LA«

o REUSEIE R Y AL EE 5
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J&, MiH., HGEKAY Hadoop #EIXHLEIA T K& 3 Hadoop $¥a4s BLFNALEL ) T ELANZH 14,

RE K& JEIRGE, Hadoop & — W AH X R A, U 2 AL (E 223K T i an el 5 A
Hadoop K figdk ()@, LA an{al % Hadoop K AH I T H 3 FHE B 53 5t ik T MR DL 5 %
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) T E AR R A SO A, A& 7E 48 T Hadoop fiff X 26 T HL G AT ¥~ ARl 4E 3y
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¢ YARN

HH AR, Hadoop HIAZ.Cr4H {138 ¥ #% I\ 4 /& HDFS il MapReduce, [ifi# Hadoop H
— A ALPEHEZRI ST, X P OLRGE & A T s, T YARN S IA, Hadoop PRigi%
BB A — A 3 FE 2 AT AL BEASE ALY K BHE F- 5. YARN 24 Hadoop £ #iz AL B A {1 T
AP EIRE B RE &, A AT MapReduce, 38 3 HF A B AL BEAR Y, 51X
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R RERUFN AR 28 T DA Rt L 3806, 56 F YARN, #kTH#fE®E £, A% M (Hadoop X
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Hadoop 15 Z AR £ L EAEE A Java B S48 B HY, B4 £ 2 T Hadoop HI N
FHHF R AAEE ] Tava 15, BRI AIEE Java FF & 5 00 T BAIBE A WHAEL, {H2 %
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5K Hadoop AFHEATH T 2 FPAbHHESE 2], {H SQL {/3%K4& Hadoop % 4 i H
B, XERAKERFFRN QF5HT N R#ZE SQL, FrLAE FH Hadoop I T fig4nfal 5
SQL 88 RA & X, =T SQL BI4r43, wILLZ7% Lynn Beighley 45 ) Head First
SOL.
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TH, $&#t HDFS EHBMIEE bz L, REARIIZE SQL & i P RE. Hive Wi H
EH IR G, AU Hive IIEOHE 8540k i e 5ol 15 8. Ol fif ik Bt
M %cHE ), B HEHC AR R 15 1R], 40 Apache Pig (— AN i — BRI AT Hh%) n
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apache.org/docs/1.4.5/index.html), &% Apache Sqoop Cookbook (O’Reilly),

e Apache ZooKeeper
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zookeeper.apache.org), B¢ Flavio Junqueira F/1 Benjamin Reed & %) {ZooKeeper: 4y fii
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filg, HFA AR T A BEISHTRHEF NS . AR EIRETA Java WEZLE, LA
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o 4 Fl it YA Hadoop b5 UL A GBI SE B0 5 2 R 4RER HE KR BEAESE . Tl 15
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By Se o X — A 25 o 3 A R VEARS A fift ke 75 &b anful i FH HBase, LA R 4nfal {1
UL SR ALE,

o 10 AR BIMFRIEZIAE 75— % WG {5 Hadoop §J& CLA A 4 Mk K4
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1 A R 7R
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Malaska, Jonathan Seidman, and Gwen Shapira (O’Reilly). Copyright 2015 Jonathan Seidman,
Gwen Shapira, Ted Malaska, and Mark Grover, 978-1-491-90008-6",
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Belhm, wiss A EMEIELRE, RN, i,

2FNINIESE IR, #BF+ Safari Books Online #AESR BT R B L UE1E ,
T AL R, BRFHLEIFIAS N, Safari Books Online 7 f & il /= & 20 A& Fi1 52 15 1 52
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Z8H9sAT, L, Hadoop Bk 1 #UtE ORI R, A X AR, Hadoop REGSLE
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Hadoop 3§ Z FpoC R 5 ek, —MEBA MR, & Bd A rErI A,
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T EAERT, S5 IER 75—/ Y FoE b e R BRSO SR oy o XA TRERA TR
FE ST AR T
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. REAMAKL
R4 Hadoop H (19 B A Bt fe & A ik /£ HDFS b, 1H R {7 SR 32 S 0k 45 52 B (O 7 (i 45 B
#% (storage manager), LbAN{RWILAESR: HBase, L n] LA B #% ] HDFS fFif#da., 5 5h,
Hive 1 Impala X FEHY T ELGEM% 4 Hadoop FP LR & LERYMIZEHIE A,

FE1TE Hadoop Bt AL Z A, 752 ERLL T AL,

o RELTHE AR LI, H B 1 B (R LB fHE FF S TR ATHE . Eean,
FHERELAE E] Hadoop I, FATFR AIR it X 2RI 752 7% R (R

o VAR 1T Hadoop #Y HDFS SR 4, H 2 Bl 1A 25 Z08% Hadoop HYH: At 3¢
&g, Hp AR IFIE SO &4, Ehan GlusterFS #1 Quantcast, LA 1% H Isilon OneFS
F NetApp, EShi#h S3 (Simple Storage System, HiH{7fiH50) XFEIAAFiE RS
WIHZ T . SO RGN RTRE KA Hadoop & 5 R 75— AT BB B4 R 34,
Ak, X VAL S TATEX BB [ A AR S

111 fRAEXHRER

FATE SRt Hadoop HARMESCIEA& AN AE i . X B, AnifESCPE#& T EARR SCAMS A,
AL ISR 2R, B EAEIE 50 FE{E (Comma-Separated Value, CSV) FIR[Y &
FriciE S XA ( Extensible Markup Language, XML) #%3, JF&GEEGR, —Bkii, £
Hadoop H fc 4 (i F R o H SC A% SORAE i 20, X — il SR A b AT ihe . (R Rk
AT, fRel ie Al g ik BR 4G s A ik DR e . AnRi ATk, Hadoop 5 5% K — 4~ Zhig
A AT A AT (] — Pk i st . IR a5 iits sNRES e n), Bl e R A, XEk
FHAMEFER A, Rt AT DO EE ST B IR B AN o M2 1 . Bl S 3R AT 14 HE /E Hadoop
HRAE i S I, TR,

1. XA

Hadoop JE% # WLAG—/ R R H G (A% HEMRS & B E) FikSokr. XARBEE
MRt AT LR H AR 2 445K, B CSV SCHFIbbE 2 2R L g . 7E Hadoop i 7
it AR, FEREHZEERGE P HLUEA, 1.2 THIEmMEHE X —H. Bk,
DRl Ay SCAR S 25 AR P M 1 RE Hadoop SEREMIAE k22 0], FRCASAF XTI RSs . A — &
TEHIC . (SO A e & R R B A BN P . bean, —ANSCAR St
fit T 1234, Andfeb L — AN RA G, A0 20 iU sk B A T A R BB e, BA
I LR S S, 1234 T SRR S PR A — A 85 s R 2 iy 2sinl . an R 1R
SRR, HAFER XA EE, A2 X P IR sh R K T .

BAa o 05 s e Gt s B . anRe A TAFRY, PRATRESS I R4 R f i i
kg, A REE T 2 ] MapReduce JEATALEE, B4 (R AT REAE S — Bl S i o0 Y R
ikt W5y ks ITUF Hadoop K343 BN R 23 b AT AL BRI Heia ity v RO 174k
MEREE, AREFHAAEHTHE RS2 R s X, W@ R (splittability)
HIREE

A —RHREER, AF2 (BELERZH) Hsd, 8 SequenceFile, Avro %% &k
FABREHT AR AL, IR et a8 SO SR SO R AR N, BLAh, waet sl

&
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REAS SRl 43 Fr A s . AT TR S 2 2o 2 2 4

2. R LA EE

XML F1 JSON (JavaScript Object Notation, & T JavaScript 1& & 1% & J% 19 48 28 e k%

) IXFRIIEE A s 2R SR SO A% A LR IR Y —Fh. XML F1 JSON SCH-IRAMES Fs

Hadoop HL7% A 23X 2otk A7 {4 & A InputFormat, 7F Hadoop H', JSON #%3X.Lkk XML #

HMEALER, PR B A BRI AT ARG R I 4a 54531 . AR etk , IRELL TS

i,

o [ERHZELT Avro U & FHEARFELA Avro FINZE, M hBUE A7 fif 5 £diE ik
PP LTINS . AR L.

o [EHIALHEE XML 8¢ JSON R4 4, Eean, i3] XML, Pig i PiggyBank % (https:/
cwiki.apache.org/confluence/display/PIG/PiggyBank) i 5t 5 XMLLoader ] fit {8 ., i
JSON | =] L #1| i Elephant Bird i H (https://github.com/twitter/elephant-bird) 2 fit #Y
LzoJsonInputFormat, FRIEIEAN T fifix Lopg ACAIAL B, 35224 Alex Holmes i fI¢Hadoop
RESSIRDY, ZASHEAL T —L8{d F MapReduce Zb3 XML 5 JSON SC{EHIfIF-,

3. ZitHIBE

Hadoop 7 fi# H 55 i UL A 5 B 98 #5 2Xa SC A, {H Hadoop H m DAL # 3 il S (Eb4n

Elf% ), xtT Hadoop & HYK 2 % F13 sk i3, 3k il 32 14 i A7 fit i b B 55 4F {5

SequenceFile Z JHIZ de k&, AR bl B A~ 40 kT 64 MB, WIWTLLZ% B £

i FHiZ s B IR, TR s ks

1.1.2 Hadoop3Z Al

2 T B4 MapReduce 19, Hadoop I & T —2% FSCHFA%K, BFEH T SO r $n
45#y (40 SequenceFile), W ELHEFHILAEZ (40 Avro) FF1 A7 % #4528 (40 RCFile F1I
Parquet), DA ESCP#&AE B B A AR A S, B A R SCHE R A UL TR A,
HtF 2+ Hadoop BRI, XEekE SHREEE,
. T R%
XS A AR Sl R 4 s, B AR SRR O o . 115 RSB IX —
W, R, {F Hadoop hAFff%RIT, 1REZEA—A7% B Fut & ik -2 &
XHE e R, IBAKRSCH T UAS iy FE1ES MapReduce FIH A 2 AT 55 1)
HiIANo XM R ULSEBLZ AR5 0RE, X2 AT B R AL At —34, o ) F Hadoop %
PEA RV RHE R BT (L
o 5RYE AL T X
TR G AR 25 8 SR SO R, BRI AN TR Z OO E R TR gRffidas . X &R A
XL AE A SR TR (5 B P REAS A i Jn R 25
RS T SRR S S, B S E R R SRS S S S AR R

ET R8RS HUER
Hadoop i # I3 F 3O k4 5 & SequenceFile #4328, A5 3t 3k SR k% AT LA
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JHl, % MapFile, SetFile, ArrayFile il BloomMapFile, X%t 34541 1% MapReduce 1%
PP, R0 BB 4 FE A 0 MapReduce %5 , @il Pig I Hive J& (T HOFESS . ix
L% 4409 SequenceFile M7 Hadoop 1£% f 6 M, % THo M R 8 5 SO 1R,
208 (Hadoop BURHSFEY.

SequenceFile UL #EHIFIE AT Y 75 AAF AR, SCHE = FhidsfefEfig 75,

s REYE
JCHE4E SequenceFile 4 I/O (Input/Output, #iA /fitt) 27, mH SR
b I 2R 25 0] . FTUAER 2800 T, AT R mIC ke iig 52, TCELEm
SequenceFile %A L5

o LWERABIELH
AT IMAZ SequenceFile 4 — & id e b 47 R 40,

o ARV
XA S R R R B E B e KN, WA AR I Sk Il Rk A I Al gk 1
45, SidF PB4 L, PP )RS5 SequenceFile Y78 F & Y R 46 2, W K1k,
SequenceFile #y ZE B P 5, o0, X BLATULAY 3 5 HDFS %3 & S S b e
Ko BRBELEH I SRR TG £ — 1> HDFS £ N —4. (£55) BdEId*%.

ANEEMB— ik 775, B SequenceFile ¥4 & — /vl KRR, SR & 530
BRWEATTEIRE R, bt R RS g i es . BEOFERIR 206G 8. H P E SCRITTEL
UL R BENL™ E R P bR (sync marker), iXANRIPAREL S A TICHNER, LMELEL
PErp i ATRENLE O, Xt SRl 4 I oeHE . 2k UL, X TPl E45HY SequenceFile,
BAEARS R RN S A — R PRk

Hadoop A= 2% A 4t Al SequenceFile f2fit T R 41 AU #F, {H/& Hadoop Z 7MY K Fitlk A R,
SequenceFile 1% F#iE 5 R Java iX—Fh, ¥, SequenceFile Z1E A/ NI {8 .
£ Hadoop I fF-fik K/ ES 51k —Semil, 25—, X455 % NameNode 1o B {# F A
f#, B4 HDFS WA~ X e BB AR S AE N AR L, 28—, SR A /b SCtE R & 5 ik
PR TR AR 2 AR AL P T 55, XS REACPE BT IE o FEVHFE. Hadoop &3t KOt 4T
TS, B, cR/hSCHETE 2] SequenceFile 1, REW SIS hnA 2 A i AL, =+
Hadoop /M f:FIAH < [ L B2 SequenceFile HYfRY: 5 %, B2 MTHEE 2 (Hadoop
PR D o

1-1 @R T (B =461 SequenceFile B 3C R4 AR, FEEENZE, B/ BAEHE Y0 E]
WS TRIPARE, ZH—k, CHERIUN St REE B BRI AL T,
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S5

[EEZAE
bk

I

[EEZAE)
Kl

[EEZAE)
Kl

1-1; {ERREES N SequenceFile 7l

1.1.3 FIEFEEER

A AL R B E S A iR b A = i R, A TR S & e, 52
PR, B PP T T IR AL A BAR S A . ol o e B R 48 (Eean
Hadoop) MI#lr, JREET BREXM BRI T, R —Fs. (EH TXHEMEAZ
Ja, BARATUARE, sl ot MEEE TG, JFolitii s 5o mX A5 iRt
P RPN 5 T B AR . PR ALESE (Ebanm A B2, Bl Remote Procedure Call,
RPC), DABREARAEE. HIEBIAZEN 8, Il 1F 20 RPC, P47 E /e 5 7
fit k.

Hadoop = %2R Y 7 71 {t.#% X 4 Writables, Writables FUFF miig B2, i, [HE& TS
Java IESEASY RFME ., Aid, Hadoop A= & F 40 ip Ak & 3 K i H A e 71 fEAEZE,
35 Thrift, Protocol Buffers 5 Avro, H:H, Avro HUE HPEfRAF, K0 &GI8 HI 0 Bt
fi#E% Hadoop Writables PR, T 1S4 27 Avro, (HEEILZAT, FZLEINE—T
Thrift 1 Protocol Buffers,

1. Thrift

Thrift /& Facebook 2y &l & HUHESE, M T LBlisiE S e bAk 58 A . Thrift 8 FHEE 12 X
1&% (Interface Definition Language, IDL) & X Ak45#: A, 1 B (& ¥8 IDL 30k B 304 K
FEARRD (stub code), i FiX LEACRDSEELAY RPC % P 5 IR 45 2%, fEMBIEITIE F&llE,
Thrift o DASEHLAE 2 FhiE & P #EBREME FAYEE O, L5 R A R )5 5 £ 48, Thrift ) RPC
AR e, R AR RS A AL AE SR 1Y Thrift, /4578 25 F T Hadoop Y%A
FPoIAt, AH & Thrift 58K 75— LE0RBE . A XRFICRAINE ESE, Awlor b, 1 Bikb
MapReduce Y i £ S Ff, THTER, —LE4ME4 (40 Elephant Bird 5 H ) BE6Z IHERIX LEHH;
b2, {H/& Hadoop ¥/ ATEABHRE kA& Thrift S0t A: S HF,
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2. Protocol Buffers

Protocol Buffers (protobuf) ¥z H Google 2 &1 %, HTEAREESHWEMRS ZH 5%
BALHE 2 e, 5 Thrift 2881, Protobuf A5 #g —A> IDL 3 f7€ 3L, IDL T A AR HIiE
= AR, 5 Thrift L1942, Protocol Buffers /A~ X #FiC MM ELDE, Al o,
ifii Lk /> MapReduce AJ52E 3 Hf, (B, [EFES Thrift 26{0., Elephant Bird 35 H #] LAH T
4l protobuf 103%, ¥ MapReduce, HEfE, UANsrF.

3. Avro

Avro & —FHIES T XRAVEHR T I R 58, HiZTH 32 fi#ik Hadoop Writables Y 3= 22k
s, NG DEsTE SR PR HEYE FE, 5 Thrift F1 Protocol Buffers #H[EIHYA&, Avro RUEHE
R TEIRES . 5 Thrift 1 Protocol Buffers AN[A[HYA&, Avro I LAEFEAE B ARD, thwl L)
TR, A Avro B AR i T4 SCHEISRES, FrUAEA SCHEER A B iR 1
(self-documenting) , Avro SCHFHAMRA S ikHL, B2 H —MiE s 5 A%8dE, HBI—FiE
BRI, AN, Avro 2 MapReduce f i 1 4F IR A S, RIOA Avro WO%CHE AT
FE&i HLAT 5 e Avro 1955 — A E B4 mE X Fi# Kig# (schema evolution), iX—F¢ fff
% Avro Eb SequenceFile §3& A Hadoop i, gk, BRI AANTFE S 5 A
HERBE A VTR, T, MR B ER, B ol DA I 7B .

Avro FFGH F UL JISON #4720 3, {HE&MATLAM Avro IDL (—FhUIF CiES) &L,
WATRTA , BEAE i T SCEISRED, SO cBdR—&5r . B ToeEdE, SO AR
FE—/ME—E P ArE. 5 SequenceFile 2410, XA [R5 R T ka5 SC i i Ecdia b,
MT{E Avro XPESZ R o B4 Avro CHEREKER R TE ARG — R 55ES:, B&F5ItiE
B Avro X4, XSkt vl DU Ss . i B, & R ECRE UL RS 7 if R X Se 5o, 3x
Wk B4t T BN B, ABIRBRINHE, Avro ELIR Snappy Fil Deflate #4720 45 4%
T X,

Avro FEX T/ REEEAIT | 4u4E Boolean, int, float fl string, T3¢ array. map
F1 enum SEA JuA T

1.1.4 S| EFHEEK

HENEJUE, KREBBAREARG—AMLMTAE (row-oriented) T AAFHICT, FHEIRM

T R Z BRI, TR B w8 . 28GR BE, AR T o Wi — g 4

BRI TR B 2 Bricaw, ABLAT AN E it IR e . Boh, Irfrteaisibi

BN Amk, THE, BANAWICRTHEE, E bef— TR, L)L

B, IRZEARES I THIRAFiEE. ST REUHEL, JIRAFiEHY ROERESIR fit

LU RS

o MTEBANEZINIG], A5t VO FfRE CEEM) #H#iIE.

o AEWEA IR SRR, AR TSR 2, WATAAEASE AT A

o AHECH 2 TR BREERES, FINEIE BRCENS, PTUONEGE MRS, IRl E &
R A, WG, 2 BB LU AT A B e b BRSO ARL . B
A2, 174 SR RAE R BOR LRSS A B3
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o KRG PR B T AR ORI B B L S e R E R B T R A R, TSI i
Al AR A I B 5

AR, FIA A% A BLLE Hadoop b H v, Hadoop 3 4+ # 1| A% AL 46 — B
J7iZ 5 F g Hive #% 39 RCFile, LA K it 4 A9 4% 2, 40 ORC (Optimized Row
Columnar), LA Parquet, J&3CHUREARA2E,

1. RCFile

RCFile % 2 2 b B MapReduce b JHF2 P i F &, RG-SR, &k ES
Hive 7#fif#%XEH . RCFile BYJF & B FE Y ME A s, LU S s ot R A7 i 23
iAl, RCFile #&3CHSc 4247 10 By WA R 425456k .

5 SequenceFile # Lk, RCFile ¥4 3 X AE % 1) 5 W & PEREJ5 A 1R £ e, (HiX Ak X th 17
FE—LLlkE, S5 PHASAS TR A AN 4R 22 R It — 2D b, i 2 m] AR 22 #B AT LA 1 58 A7 7Y
HIFIA A7 ik ke (b ORC 5 Parquet) TR, sy ASWTHRBLAG B A T RE S i
RCFile, BHEIFIfE4R., Ait, RCFile HREi{HRE Hive H il H HAFE#,

2. ORC
ORC #HIH R AN FHETA T 914 RCFile 45— L2602, CHE AT PERERNAT il 806 T
THIRYREE . AHEL RCFile, ORC #ERZ A LE L, HAE AT,

o B REE A (type-specific) [ reader 5 writer 2R 1Y ELEMY (always-on) JE43 .
ORC i % H#{# H zlib, LZO 1 Snappy M4 Bk ik vk —H 0 45,

o FEMBRLIETA PR R, DGR B R ZEREE,

o ¥ Hive RAURIER!, BAEHHENY decimal 27 55 Ju 7

o X¥i R,

BEEARASE, ORC HILHAE T BAR 120 Hive IKTHHY, Wi HEEiEtR, LM
F4E Hive ) MapReduce 1% [ (40 Pig 8% Java), H7C#: H T Impala X FERIZE S22, AN
i, A NIEEFFFE A A 5REMNX AN GREE o

3. Parquet

Parquet F1 ORC #i14 1R Z AR 1T B AR, {H/E Parquet 4 7% 4 Hadoop b A8 FH 77 fif #4
K. Lhe E, ORC H{ BRI [AIBEF Parquet, FTLAA A4 ORC A& Parquet Fek it iR, 1E
R A ntk, Parquet BY H Frid B A REMS i 2 H T A~ [ MapReduce 21 (401 Java, Hive 5
Pig) A&, [RIA 2 b oAb A BE 5188 (41 Impala &5 Spark), Parquet FUfE#4n T, H
iR Z %5 ORC #FH.,

« 5 ORC X-2{0L, Parquet LUF(UR BIFFEERIEIEFBE, kw7 /O, #&7t THERE.

o et EgE, WTUMER S LR E R AR .

o Ul RAE R SR AR E AR A A

o JESCHEREA SE R TTEARE BAFE, FTUA Parquet S HEIRRY,

o SEASFFEE Avro A Thrift APL 5 AFNISIR,

o A RAYE B I, han, 4Z07F 3 (bit-packaging) FIilEFE 44D (Run
Length Encoding, RLE),
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Avro 5 Parquet BEEREAHERS, FRATINRE], [ HE—/4-41i%5 Hadoop EREH VT
A RRZ A0, WH, 2 RZER MM, A4 B R iR 1
#3, P24 Hadoop RS B e 2 008 i A S5 i L BB S i (L B .

BEARTF RN, B4 Avro 5 Parquet sEARRITAVERE., A, BIIAEEELLTE
BAHE — MY Avro UAS 5 Parquet luAS, 4FEX E LA AR T, [H2 Parquet
FHHET Avro API 5 Avro B NHYIREUNE A,

XAEER, HHEE, HATATLMERAR— 148105 Avro Fil Parquet XA H., 1 H AT LAE
BB AR AT A5 A%

AR HER AR BATH

TR XA X Z B —ANER W EF A TIofT R AEH R, X2 XT U RIFRLE
AR,

e FIXABXEZASK, 22 AR ELRE S B AINFRRAIF, XRRH ML T ik
FHRARZE,

o B AEF AN HBEOFZATRS EFER, 2RAMBE NI LKA,

o Avro M)A R RIER )RR, AR BRI RN, EREFAT AR YL (sync
point) 4K4:, BT VABE IR R A vl 09 —F o,

1.1.5 JE4E

Hadoop i B4 I 75 226 1 7% JERY o0 — A B kA 46 . X AN (2RI 2 1T & 7 fig 23 1Rl
IR, BT BEECEERE, EACEE R =R, THRER RIS A2 1) 1O,
P AR D 5 FE R B B N T A A AN o 3ok B8 K K 4 R (A AL BRI ] X BB B DR A
45, WEFEEARGERE (40 MapReduce 1:55) ™ AR H VBRI e o V%87 P 44 55 38
JNCPU fi#, (BREKSZHIEN T, VO FRITS &R TR CPU fi#.,

& BE 05 A K b Ot 16 Ak PR e, {H & Hadoop 37 #7 1Y 1 &5 #% 2 I A4S 5 & v 4 B /Y,
MapReduce HEZE S50 HE 4 Fy ARG I Z LSS, FiDAA R Fr iy kg o T
KR m SR ERAR A AT . AR SCHEANTT 43 Fry Ak R B T Z R A S A B — > F
FHEYJ MapReduce 1155, MRATEE:FIH Hadoop $& BE AU I HUB 47 DA R Bt A b AL A 3
b, FEIEEE Ak NS SO A, A ke R — A EENZEIER R, RO HEHE T
FHT Hadoop I FiEZat&, DARAEEFEA [RIFE U S5 2B — LB 34,

1. Snappy

Snappy #& Google ¥k ) — P E4e g fifhd sy, HT S E RSy, & YIEWEGZFE, B
FEGEREAR L, 1H& Snappy REGSEAT b 1155 e 1 BEFNK /N, Snappy HUALFE M RE B 3
PeFH A B A%, [EEZENZ, [ H Snappy E45RI AR HEY, BiLABES
estg R, (4 SequenceFile 1 Avro) HrA# .

%Pd%
ik

10 |
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2.1L.Z0

5 Snappy AH{L, LZO B A BAFHI R46E &, (H 45305 W.F . 5 Snappy A~ [FHI&,
i LZO He4giSihnl 43 vy Aibix BRI R O], AR A SCAR S A iE B 75 de bk
X, AR LZO & — DAk, A — A EERNE, LZO BVl hill A i
P HAT R F] Hadoop it f74r %, R FEE L%, Snappy NIAE, B LL5S Hadoop
—iEr K.

3. Gzip

Gzip W ESEPERRIRF 45, F¥okifk, wILAKRF] Snappy B9 2.5 5, (H2&BHIE A#EE A4
Snappy, 374 Snappy HJ—2-, FEIEEUM:RE ., Gzip %5 Snappy #HZEA %, Gzip FIHE
AT R, FTLANIZ S RSN A (5, 1HHER, Gzip AoPREHE A I 25tk Snappy
1%, AR T Gzip M2 SO TR 2R ER D L, BT DAL BEAR [R]85 B s F AR 55 3k 52 2D,
Bk, M Gzip BHEEENERD L, FTULR B 4TI MERE.,

4. bzip2

bzip2 W 15 & Pk e AR P, H A& Ak R M 6E BA 2 bbb i 4% 2 AR D 4% X (400 Snappy) %
7%, 5 Snappy Fll Gzip ANFEl, bzip2 &G AW 4 F3, TESERIIGIT, MWFiEzsE EE,
bzip2 W LR Z L Gzip &2 9%, H/&, WM ESE 2R, S5 A MRS _EAHHR KR
o EXATIHE, ANEIIVLESAARRPEREZE 5, (B2 % K U bzip2 21k Gzip 1% 10
5, Kk, bzip2 £ Hadoop 77-fif i A2 B AR Zm D4 2,  IRdR T ERuFskat &Rk D -6k
ZE A 5 &, FlanfeLe =3R48 FH Hadoop B35,

5. EREEEE

— &R, FEE R & (Avro, SequenceFile %) —f{ifi N, AT E4&#& 20D W]
VAEgr Gy, [RIA 28 &8 SO A% 2 RE NS B e 4 T S M B SR B, mT CAEA Ti0 SR 1)
FEfi o A AE 4 B A SR A i 28 8 SCIFRA% X, B4t 5 B0 A & e ml 40 iy
FEgatga, PhanfEgdRe 2 46 A R 2P FRI2HY bzip2,

LA A& F Hadoop FREF T EZEI)—LE Y,

¥ )& MapReduce H AR RS HE i . xR T DADS D 75 SRR BN 5 A\ WL 2L R v TR 58
dEfidd e T rERE.

o EEBIRRMEHETRY, EERYE, BARRS AHEY, ATRBEE e, X
W E, TeictEfa, Hadoop SCHAF# 3 H AV EE & LAD A A 46 iy, 1 HLIRLEb
I TR B 2 e . Pban, A Rl G+t A Bt TR B B 25 A AL B 2SR DA R B
BHE, IBoAEEIR IS ME—EA (At RSl 25 0as ) HEF, RMEEMTE (n

[ SR ) HEFP 4RO AT

o BIEMH R o B e A B BB SO A, A Avro, B 12 SRR THERIAN AT 4
JE4EL 3 HY Avro B¢ SequenceFile S #7304y Y J5 ¥, —/~ HDFS $0#BhGEME 6 & £
A~ Avro B¢, SequenceFile ¥, 4 —/~ Avro 8¢ SequenceFile 3B REME kST T H iy
Avro 8 SequenceFiles $(#5H, PR T AR AR 40 . X ORIIE T4 — > HDFS %
TELR AT A 4 SR, FBESEEL TR AT o e
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ERE |

HDFS##a bk
CETT
AR A

EEST
R R e

HDFS##fz
[ bric |
AR Bl

® 1-2; Avro [E470l

1.2 HDFS#ERXiZit

40 1.1 i frik, HDFS F1 HBase & /5 Fh 1R 5 H AU/ i 0 BE 25, Ok T AR 9 e B 1 10 12 %
HDFS 8¢ HBase (NEB4HE 7% T HDFS) 175t

AT LB — P X A R TR 5 s B A7 ik T HDFS, Znmrm #2800, Bl a2
Hadoop i, Hadoop [ Schema-On-Read 5 %Y 5t $5 5 % A (L] B ok, et ol Ll i ik £
ik CRES 2 WEATHE) EHEi A HDFS i, MiAEESZHEIE R, WAL
BEECHE .

RUEA TR % N Hadoop 77 i FIACEE RS M ML Bt (anB{R . #U0R. mBekeltise) Fnef
EERIIEECHE (A XML SCR AT H B30 ), ey e b 24 421, Hadoop 28 7t 24 8/
PR E AR .0, HDFS HAE i B A8 ZEAE VF 2301 TRNAIBN Z il 36 52, 75 G B e iy it
AP AN AT R AL R RE B R AR 2 2540, BAELA T LA,

o BRAETLEY B S5 AT EALEAS [R] I AT SE e b A [e)— A B S e s 40

o SRR VI PRI BCAEE S, TLARS (3SR SR

o FEFTABEREE A A AT AL B 2R, R R SR B A B — ST A DO, AR
BARRIZE A B TR0 0 DB A S 024 VRN Te Bt , I /MG B

o OEBARAETARELAIAL, ERFELEEAR PR R DA .

* Hadoop £ R GE Y — L& T HA I 20 Kol 1 0 B AR (R 5. S0 s B n 2
Hadoop i}, FF A APLE(R I T XA 5Lk,

Ba BT AN AN B AR A 1 BEARSG . Bdn, B G PR SEIUANH AL 5 (R A7 i 1R AT RESR:

12 | #1&E
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MR TG ETAER, RS SECRMAE LR, H—T5E, RSt 5Ea0
PCBE PT RERE B 2 MUBOAE e b B T 8 PR T

BLPRERI , BT BRI, AR L ARSI LEL,

LR SREARME TR S hifl , RRIIRE 24 2A~/ N I w ( AaT

PR PRI THRE 5 THIRIBE A THRAC A (EH . Eean, THRIE R Hive hicAS Al fE A SCH
b DARpAE 77 m A2 X o 3l o M ik i, JCH & B ek i 4
T

BRI SEC R, A RREIR O S A R R & AR . BoE
B Z A, PREEPRE TS BRI R, WA, X AT AR UEREASE 5 44
SchE, MU SR m B AL B RE .

1.21 NXHEHDFSHEAE

K T HEBARARIERE TS, &iF—Fr HDFS #30h, E5epMiZgee XN E ., Fr
AR A7 B A N Z R 25 B At m8ds . A TR 1R HDFS B ek #y13l,
H b ek 7 A R Z8A0 P A BR 45 Bic,

/user/<username>
g T4 P EdE . JAR SRR E SO, Xl 52 F P 7RIS A A R IE 28
5, ART WSS HRE. fuser THYH M RREHTA HHATIREUNE A,

fetl

ETL (Extract, Transform and Load, #2EL. H#{t. fn#k) LTIERIEFEALFEL. AT AR
Wy BE RO A . /etl H i ETL i B2 GEE £ A AY user 3 k1) 5 ETL HIBARYAL
RIS A, #i ETL B RIAS (k5. HVEIRBICAR HEs) & /et
H et At B B 3k, ETL TAEGE & S8 T RB B, bodn md o i o B sl
518, i HAg— A RHAE fetl Bk NERZEA X B F B ok, fE4—A R AT H e,
1ZM A~ ETL e sk CIERANA — 1 Hak, TR AR, BNEAREMNE 1
Bk, Hodn, #npl B EE (Business Intelligence, BI) 2HA — ks diimsr#r v H,
mHH A BRERA AP EL, BTG EESIZEEN B S dr 224 /et/Bl
clickstream/aggregate_preferences, A 281G T, A lReHil AR ER 2, At
FERYEEAHT BEARIE S H o . BB Bl B 5% 2 input, HhRIACERFY BEFY H 5% 4 processing
(AT HEAFAE £ )~ processing H %), HAEHMIE T output, Mifk ETL dfHE4 . F5
AT TS BB B B SCHENIFEA bad B, XFMEH, HAMISHIRLTEIX
FER . Jetl/<group>/<application>/<process>/{input, processing, output, bad},

/tmp

THAERECE AP IR B . 1% B Sl w il B2y A ahis ks, NS AL dr E
KIEAE ., 5B NEPREIRIGEE A% H %,

/data

Lot A PRI HARRE A H AL AR . X S0l R FR o AT ECIE D 2RI, WTLA

Hadoop#iiEE+#E | 13
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RS h, FiUAARREA D Bty i, [T NEFE A, WE, Hr ReEiRicds,
et B2 Lry ETL 25 A, 22281, /data B B EHRE 5 -l 554k
WHEE, U AU A SR ETL i F2 5 A S, o B2 22 2 HIF s i1 .
AEDIE 55 HBA ST /data B 3 T H A B A EREBR, X BT 02 540
PR, E /data AR ECERSE B 2 2ot TACE, AL R, B e SRR
AT HZ, tban, aff—Minpra 1T 8470 —4~ 44 medication_orders Y
Fts, LTMNTEVCHZEIREAiE T — 44 /data/medication_orders [ H &k H

* /app
JU°F-#45 Hadoop b iz fT TR 20—V, (A, X EA JAR X, Oozie L.
PEIRE . Hive HQL X, 2555, W HWIRRS B 5% /app FH 117 % B2 FH BT 5 1A 48 i,
20 T Oozie TE{R A JAR £, LAJ Hive /" H & L Bt (User-Defined Functions,
UDF) HYJAR fl, —MKUE, HDFS fA & 242017 fif b FHRR PR IX BE N 2%, (HJg—uk
Hadoop v (Eb4n Oozie 55 Hive) ZERff It s2gmidfnlic & 174 % HDFS b, iX#E—K,
FESEREIAE— T B TR AR ER T LAME B, 1% H serpdg— /N0 B R Y % A — A
FH, T fed 15K, TS ERH (Eban Oozie) , A0SR FE te e f b
MR F A7 2] HDFS i, A2 b A IR AR T 22— H ok, A W gt HDFS [y
FF o BERARIC, BoBTIRRA latest, 4RI HIUARA current, H S & 1) it ke 7
AEfB EIE R A B b, 20T fapp/< 41 >/< B >/< fRAS >/< £ H 3% >/< B >,
ARZEW A WG, RARTEL, XA P ST G RY JAR FrfEfy B &b/ 20+

/app/Bl/clickstream/latest/aggregate_preferences/uber-aggregatepreferences.jar,

¢ /metadata

FhigTesdE., RE KR ZHFITTHEIEAAT 1 Hive metastore H (BILKEAE 1.4 5/428), H
A —Lee B (a0 Avro BSCHE) RTRETS ZA7-fif /£ HDFS W, 1% H A7 fif b2k
TCBRII AL E . 1% B Sl F ok ETL A4 Ali%, i RELHE S Hadoop R (40
Sqoop FH /) WIHAA SR, bban, —AEARER Avro SASCHEFRIE movie, B4 E
HREN T /metadata/movielens/movie/movie.avsc, 4 10 FRFEEATHEX —FrE R,

1.2.2 BZHDFSHERIZIT

—HE TR E G, TR o E TR AR RIS . 3T, %
T nATE BAAR 2AT REA A7 i Ba A e LA S, (M AHE R, Bl masiiy BN
TR A —E & B 1, FATTAT LR —2E 5%, PR VR R hr A HEZE . X HURf
FHE X 2 WEAR R B HLTEAE .

1. 9K

BRI 5 X — MR WHIH AR, B B D A BB s S b G 2400 170, ALRE
KREHIERT, W VO HRAVGFLEIM S W, Ha, SHESEEIECEARRRE, HDFS A
SRR . RO T, BdmmBok E S A IHRTE, HE W EREEKRER
RO A B g, UGB — AN BE R (B34, full table scan) WL 4N
Bbo MBARERA, A (U5 R BRI, — M RAF R RIS R R S 5 A
BN REECE o I BB A B, Ao S AEIX A B ey - H b
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EI. b A A T DU R RE > X (Fean+ Box), Wb 17 10, g%
Wit T A YERE.

BT, PRESLT — T BdEE, ITRNAE LS R, BBENEATA
medication_orders, YRAAAF L E =N AR —AGFIMEIITHR, a0RAD X, FREESHIE
PEEAKARE, RIETHE A SE AL,

fHg, AR REAMT BB T o X, Ao K ARE —ReVEdE, IaEimd
= H BB AR IO Z) 90 1Mo X, A BB AR .

FEARAF T R G, POZERULT Btg i o X . < BAREAR >/< o X514 =
S X FME >I{ 3 ). FEXABIT, 47 X5 {E: medication_orders/date=20131101/{orderl.
csv, order2.csv},

f 4% HCatalog, Hive, Impala F1 Pig fEAHYTR 2 T HAR AT ARG Rl H 64, ix2e T B,
AT CAFI T 23 X 98/ D AL R A SR IR i 3 2260 17O,

2. 5718

SRRAE AN TR AR, REFFREIRIE D RN R BB B SE . oW S 2R R RS
2 B R VA 5 20 X AH 2R AL, AESR BT 7 rpr, AT mT LCRETT B i 4 1 B B B4
431X, XA R AR RERA K EIIIT ., s KT & 1St 25k, HFDS Ifibig ik
B 2, AR E R IR G0 SR e 1740 X, APRIRER* T Z55500hp s ik, A 240
X BCRTRES RN 2, W H o XSO rTRES R BN, Xt FBON LA #9172 (small files
problem), K74 HDFS 2545/~ SCH-RI T BAR AT A- i T A7, Ftlhan 1.1.2 1 rp iridkny,
7 Hadoop H 77 ik K 8 /NS0 145 5: 3% NameNode PN AERI L &6 0, FIRE, /NSCiik%,
BERCERE S stk 2, BRACER A E Dt AR T k.

XA ) R R R 7 VA % 25 S 0F AT AR, BV FHNA 5 61 B30k 245 751 Uit Bt 81 45 e e e 10
Wi XA, BEFE (HRR) PR/t 2 1T istl, & hms) T4, SO i%
KN, BRIRSA K E/ NS TR EREONE L, (e R hARER R, Bk RS
WARA R, — SR, ARV /NEE] HDFS St K/ M #E TS SR A, W7 F
WFIEE, BRI o M B2, X B A o A vl AR UEARI RS E M. 8%, ARy
BoEE 2N IR,

B BAR R, W S AT S WL T . X B KB R — R IR L
HIE S RN ER St R38R, —28 SQL-on-Hadoop AGEREMSHEATLA LB
AYCHR, MapReduce, Spark 8¢ H:fth Hadoop FUZmFEEE K h o] L5 G HE,

AR SRR BOHE B8 A 4 MR OCHR A S o0 40, 1 HL— /A4t SR A B 2 70— A RR AL
B 255k 12 % RS OCHRAR RS, T ARG BN EIE R T X B PR T A B
FhAT Reduce 4Bt (Reduce-side join) YRR Z4 ., X & A Reduce b HY B EH TH
FERTIR . (HAE, ASROCHRAIZM /MBS, MM BB, ABLSCHAR R A ARED
Ao XA AT DA RERFE . 2455, ok A AR T AT RER. BAh, o Hf
ZJEHE R AR BN, —RREMIANAE . BTLAERAS R (E T LATE Map-Reduce £
251 Map By Bl i i/ Mm# B N AF kAT . X st AR Map 5% %8 (Map-side join),
55 Reduce Ui RIERAALL , BRIPEREE 4, 4nR{HH Hive MEATEIE > B, FLIZRE A 2hiR515
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WRIZIF AT R R

AR IR & A 505 (sorted), AB2uk rTLAE A FF%ER: (merge join), i H.CBER;
NS P A RGEAEANAE . XKLL ARSI, (bucket Join) FEHR, 1 S 0154 N A7
Hive W Frixffitfb, W&, EM—RETL R, A ZHE KA B
k. A AT RBHREIRER, AP AR T HE T oA, HL 2R RS T B
53 Mo

AT, BBk R A 73, ZEd R RR sy K 5 R i, i
T T ARSI TR a8, A e 2 M m A R, i EL A 4y X 5
BE, W52 ATLA AR 2 T R — B, bR A RO B U, &A% R
PRI B b, 1HRLE Hadoop 1, iR R F71977%, %, Hadoop A%l
PR P B AR, T HLVF RS AT RS, I, W3R SRR SR
FESHH 2K R/b . 5h, Hadoop SERERI 7 b M AL B MBI T, 7L 8 AC FHHEL Lo
TR AL, B PR BE b, TRl DM — 3592 BB S P2 0, AR HGE S 2
LA RIS,

3. RISE

JRTIN I T e, L2 Ah, A7 A LR R A2 R bRt
SRR R I BLTETL , BRI BAR S Tk, 7626 AR R, BB L % = 7L X
(third normal form) . ZHEAKFEAR S R E /MUK, HAA RS H— RIS
P, TRETC A IRE I ELAR SRR e MM SR FE0R T K 2 MO 00 T 15 B it 2 3
Bt TEAA R LI,

fHX, {E Hadoop Ht, SCIGE & HRABHIERIE, Wi BIHFERIBERFR IR . Reduce U)o
Bt Hanst, BKohEFREEE My KRR LG, gIMNCLFERR, &AL TR
Tt PR A AR AURS B A X S AR v Bl IR . o W SHEP R BARSE L, S0 —Fh5 ikt ik
KRBT, Xt TR A, X EA R R R SRR T A i, JCH IR R RE
S PATIEINSCE &, FUSRHAIRN TIERBE L. H PR BER AR AR
BT RIARIE, FROTATDA—k Mg, TR AR gk

b e WA 220, g2 LR A fE 25 3R 55 /0B (Online Transaction Processing, OLTP)
#i55 HDFS #0 2 [AI 22 5, R& & B, Hadoop fE ETL Ab#it f2 R iR £ /N4 i 2R Bk
AEERILEEL, EERCTMBIREIT, AT BREE IR, RO, 25, &
LR RUA B I IRIEE T 25 R .

HoAth 2RI BAE TAL R, S A BB B 2 R A, tABRE INPRAC B . KA SR B A
AT LRI AR, BrUAK A Thy v 228 H BLAD AL B R AR — R M i, EE
Mo TEXRZABIBARES, XA T4 LA B (Materialized Views), E Hadoop
XTI ETRER S, WA R AR T A R R .

1.2.3 HDFS#E:iFitR%E

FAMEMMER — TR AT Tl AR RS RE s X i BdE, (s XHA
OB B TR VO, FABE% 2] Tanfa fE oAl AR, 8ib VO, ARSI B R
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PRSI . Fefa, BAMIWIE 1R A AE I Hadoop f1:55 AbBHE s K T TS 21 1) 42
e, FATEL% HDFS BeitiaA 7R M, TIHFiHE HBase SR THHIARGHES:

1.3 HBase#&ztiZit

AR R AR 15 T R 47 RY HBase BOEAF % 11550, HBase & —/MREWIEWM, B4
BIRZ5FEN T HBase I Sufb. ATRNE &R/ 28 HBase, EZE5eHBLE
# Lk HBase fifok & Wi @iy % T, A8 T fi# HBase, 1520 (HBase SURIET ) FI
{HBase SZi%),

BT EARI A&, HBase 45 & 5% 2 B4 45 P 2 4% (Rational Database Management
System, RDBMS), $kbr b, 24 1 E4FHbIEf# HBase H TIES R, H4F4E HBase 21—/
ERMEAR. SWARMENLE, HBase VFH R i BFIRE E IE AT, X b
—3k, AT E Rk RE DR A R T R TE

AHELMA A 2%, HBase 7€ b AR K 4075 £, 4345 Region Fil Compaction [ T {E U
In] HBase S ABHRMI ARG, UL B4 (6 AL iR, ANk, HBase {53R1{E 1317
WA T I, R R HBase B £ il 241 —Fp o M N EHE %, A& RDBMS,
AR IPARE] get, put, scan, increment fI delete Zik3K, WA~ & SQL #if,

FESGHEFTLAE HBase H S8 B AIHRIE Z A, FRATIE B — VA Ay 2SRRI,

(1) AR T AR,

(2) MG 75 22 HR AR BUECHE

() BTG Wa Fi 2% [ {7 : HBase il e B 434 (range scan) {75 s K19k 181
[, BEMSIEFEI S E 4R TS /AT 1,

(4) XUE AR — T

(5) MHERME A R AIE.,

X B, J3E SQL 1 {f H] HBase FYFE it —H 145 T, HBase RN {EAE T w14 M F1 R

{fi . HBase fEARZ W JH A ARAEH L, & H THIVER W, 29 Bl iraniftig, &2,

HBase REfSiE L get 55 put ifRfgIL [A] .

TATCEX HBase 5 7 KRE THE, w21 7T8E AR, T RSN T an ik

H—/~ R 4P HBase #3K,

1.3.1 178

AkL: M A F 2k, HBase FHAUATHERL TIA A £ R AV, HiE — 1 R 47 1) HBase
N, Kz bR - AENTE, T BTHAE HBase HAEMA M AR, Pk
Al BT

1. IERIEE

T4 1F HBase A Z3i0 3 (i AV . HBase 0% & A WIFIESCE ARG, HER
e —MTHE, X —mEEANBAREA AR, EENEEATLLE 2 H Ak, B
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SREEMTCROVEME— A THE, B —ATHES TR RS ZME R, Blan, R—f1m
— /T8, F4 customer_id, order_id, timestamp v LLVEAIZATHI TEE, 1E2 2B %R
Pir, customer_id, order_id ffI timestamp J& = /~4>F-7%1], 1fii HBase Ff =& HHA AT
B AR IARIRST

WEPRAT RN T SICE R B AN —m, B Il Y get 1812 HBase Hr B tRIVHR .
Bb, FEBCH HBase BN, H get #RIRMRDRA 2 B0 WAVECE (R, XA 24 s AL BE
PERE. X ATRERRE RN R BARHE o —idxrh, PR RTEIR R s 2 . XA
HI BT ERRTE R S AL AL, ARl T30 R A b i LI AL E Akt . B, e R AR
PERIRESCRHH & A AE— b, IR RS — A FRrh, SCRITRAFESE =A%
e, TR AL AR . HBase WIS et AR SERIER, Bldg—/MTHRICRA &
ZITRAFAE R, WEEHTE KA. B—HY get B TLMGR A RIEIE .

2. 315

AR ERIF, ILKAE HBase JHE 2 1> Region HAY 4> 41 75 A0 HATHE DL ERY . HBase
TR AT RS ST THEY, S HET A AT 4 B VG LA % /2 AR Region W, BEAS
Region #B[E £ —/> Region k554 (BNEEREH—T1m) L.

i — /3 I OB, BBk A I R RR f FH . A A8k v (8 I RD B AT LK K 2
$ put Fil get iE K EHFEH —1Y Region |, #EMi4E A 7EHL—[1) Region IR %5 &% . T4,
FERFPREE |, HBase A& — oM RS, —BOoRUL, ERTH R A BRI EE
BE B A 30 4) . ARIEHECR SRS, MRIGZRIE — A5 Bl % # 47 salt A FE,
FENLZS B PR salt AR |, 1545 ID S A A DA K SR G IR B (36 I A L

3. BiERETF

AR AT A — Pl UL fe /D {F ) (Least Recently Used, LRU) 277, REREEdheEsr
BINGFF, BIAEOT, HBase #1 64KB B/ RESL R BIe Sk, XA EL
PEPAT & —~ HBase $¢#5H: (HBase block), ML H ISZER A%, HBase $#iabh 25 i &
ERIEREFET, B2, R aTCAAKE: HBase S0t i B 5B 25 vh . 2R SR g T4%
f, FEHBAE TR EEE (DL 5 e 8 [R/E— /> HBase £HEde b iU 5dE) fRA nRE
AN Z G HR G RTIR . AR, HTEIEIZ AR R NG BRI, DL 2% R B
HEHE,

EFEAA TG THS SEABBBIERE T . e, Bk B 7 1R R
f18E, 2 HBase i rp BUARLEICSRAR AT REFFAAHIE . X bRk, BRI HfHE T
AHHFINLTR, FEEANGRRSIERI, EXFERT, ATELRH BI—Fikit: *t
FTHER S — /85y HEAT salt R0FR, 1k[R—/> HBase $CHEHe i RS- IR BO RO 2 [A4R 1T
JFHEF ., salt S0P X S5 A Y Bl sl e ) — 50 40 (O 75 BB, BT DA T DL BA bl 1ok J5 4 B A
Bo BATVRAEEE 9 TR GITHAREERY salt ALRE,

4. ZHAW

B A T AT B RE 5 (5 #H 5% A 1L S A T W — /> Region, XA By Fibfr 7B B4, Ko
HBase AT —&# H Y Region ST FKEREE R, Bob, T AAE, EEE
TSR ISR AT REFE B4 £ /1 Region MRS 8%, BEJE B Zad gAML DT, Xk —
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e, RIFERIE Rk A0 T 4N /0, Boh, FEiCS HBase AYF13H i B K 204 HDFS [J/\
27—, B VO Tk m 22 s PEfe. 5 HDFS FisciEfEfigfHLL, HBase fEiX— & |
ELiETR

5. 178K/

TR/ VB E TAE AR PERE, W F AT, FrdRaibllr, R FEw DA B
e, REinEiae, B2, TR, get il scan BUPEREE 47, KKk, TEGEERl, 522
AT B SE

THEE /6T, 7% 1-1 % HBase L& = &t xkmz,

< 1-1. HBaseZK 415

TR i 1] 7] =]
RowKeyA Timestamp | ColumnA ValueA

RowKeyB Timestamp | ColumnB ValueB

RowKeyC Timestamp | ColumnC ValueC

FTEleR A, e g RS 7EA7 ik A7 RN 5 AL PR VO kbk %2 . A1, ZIRY PR, W%
AEEERY VO Wik % . FrUA—Rok UL, PREFFIRI A PREL—LE LA

W] UL f# B Snappy Bt & HBase, JE45fT8E. D WfT#4% BT IEAT 6k, A
VAT 7 HES LU S I, B8O . X st AN B A m e
FVENTHEI B —A R, BT HE 2 B,

6. Al

AR PR A2 . (& BEARATHE Y B PR L, B2 B Ry wlis R A 2 /N
—RORUL, PRI el e LU A A TR, AR RIE AN K 2115 HBase, ABHESE B i%iX
PR T o X RELLURSE ARt R BRI MR, th 2% 5 H HBase #ER .

7. E—1E
B AT 85 R e Ay R bbb i, FrCARRORATBEME — PR B2, AR IRERE T —14
ETARME B AT e, 02 b P2 X R oL, i B R Gl o M — AT s R A
A HBase,

1.3.2 BEE

SPRAF R AP HBase #aiett, 55 NS nU WP AFFNGE AN R 8L, 7E HBase Hr, I+ (]
BTE AN T ik

o AR E T AR put RIS SR L Lo BT .

o BRI E T — 450031 2R TER B HET o

o IHEBLH T RAF: (Major Compaction) 12, PoiE e GBS R BAIEL B8t 17
{1 (Time-To-Live, TTL) Myit#iicsg, “itH1” FoREICRME L 9EH MY put
BEREE S AL, SR MBS,
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NNV RGN e ST TR S 2 ey Mee: R i AT DD NSTE = N 24 (R VU =
R R E AR, (HALeRE UL EIS, oan, SEhrtsil T 28 5 ELIE K Az AT 58 3 45
HBase 010 I E A7 AE LAY /N BULRAVIER . X FEOL T, 385 AZE B SLhrit) & Az I i)
e LI (AR

1.3.3 hop

hop #57£ HBase HH& %R B, FRRHIIFES get iR,

EFATRF 61T, Gl F PR A — HBase &, BRI T A5 AN ZRAIMWX R, &K 1-2
RN MNEER, BE TiEA. MRARD KA N,

F&1-2: TABSER (Person)

2 R ik

David Barack, Stephen | T 10 5
Barack Michelle Hg

Stephen Barack FE LT 24 5

BUE, PR ISR M ELRINE A2 . AR AR 4K David Frfy AR HERE, IRTEEZEREMN
¥ hop K. —> hop FREL David Fr A IACHISIZE, 155 —A hop £ 1k David HIATA )
ek,

A PRAE B —A01 1. £ 13 h—skFER, QWERENFESNET . £ 14 h—KIRE
%, WERERR S AL TR TR,

®1-3: 2R

=2 FEZTF
11001 Bob

11002 David
11003 Charles
x®1-4. R12R

£S5 RIZZ
11001 . i
11002 Bt
11003 ik

BLAE, # 4K Charles Frat WU iR R FE PR hop 53K, 26 — 4~ hop iH R M R ihF
Charles [fJ%:5, 55—/~ hop Wit i 5% Charles BT BLFEAI H.,

TEAT 1.2.2 AR, S BT (L RE S I TR BT T S0 hop Bekt, BB T(EIE T 3%
BB T ZAL

Bz, RUE HBase WTAETE £ hop Wik, (HBAFE R B (0 75 OB B LB 6 % ok
hop ## R (Ebn, FIFH R BLALIL ). 3% R A g — 1~ hop 45 M 1] HBase ] [l $4i%
(ORI, S8 B MIMEREIEE.
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1.3.4 ZF0Region

75— A RENAPERE 5 B 43 A1 A IR 352 HBase H3RAVECR LA S 413K Y Region $0i, Ank
SRS, BRI AR T RIS B E A,

B 1-3 S &H =AM 09 HBase £, Region IRS5 %5 . Region 5FRMVIRFMEAH .

il 2 Him3
Regionflz 55 %% Regionfz 55 %% RegionflR %5 %%
RAM FAI B #BIY RAM B
Region Region Region Region Region Region
KBHY FCHY AR FCHY KB
Region Region Region Region Region

1-3: Region %528, Region 5&HVIBINEH

LT R EREERJLA.

o AN EAE—/ Region iS5 %% .

o 4B/ Region iIR%5 #4155 £ 4> Region,

o EfAIIHE, —AZRERT Region fA7E—ANFRERY Region k%5 &% .

o FeWisy I ZA Region, ifi BB/ Region IR%S s, — A% FE /240 E—/> Region,

R F AN IF , Region WIS E T LAZ 6 96 2 2806 7 I 6 A7 6., K 795 26 2 UL T
put HFRAYHERE S Region A k1Al

1. putiR{ERY I BE

Region fil 45 #% v BT A5 4 W 31| put i K (19 Region #f 25 4t 52 Region AR 55 % AY memstore,
memstore A& % 1~ HBase Region ik 45 %% #B A 1) — Ff 2% 17 45 #). memstore fE 2% 17 & 1% F
Region lR&5 &M B A, FHxHeMdifriy, BRRER e INFRIE, hils AR, K
B, Region k%5 &% H1f1) Region # %, 454> Region ] Y memstore %% Al jkk L, iX W REZ
SELOPRIAZ /N, BN PR SORTREAS SR T /N, B £ 1) HFile FTSE £ 8/ M AT, BTk
PEREREAR ., ERINAYEC B R BEA P o IR /NS B 2 100 MB, 4 #iE T memstore AR /N
S, EEANX A 100 MB, 3B4 Region iR 55 #e it & A B #5331 Bt 2 50 =7 Region,

2. f At

Region #& K, &HALTRAINAIGEER S . AL FoRIE, Region BIR/NEL 4 20 GB, {H&

WA —Le R BRI ERE, Region HIK/NEEASIAF 120 GB,

HBase 747 it Region 7R A LL F Wi,

o BRNFRT, —AFAG—/ Region, FHHEEEIRMIEME 3h5 1,

o OIEEFER, $RE—/ Region &, ifi % Region IR/NEE A—A 25 KAIE (Ehin
&~ Region 100 GB) LAt H 3045 Fs
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{EEHE Region 43 B A UZ AT, (RTFELEEMEEREE T IEM > Rk, KZEENT, IR
R 241 $E ConstantSizeRegionSplitPolicy &% DisabledRegionSplitPolicy,

REBFR T, FMVEILTSE S BE Region HI%E (RIRMIEE Ry ), XA LLBES 5y
FRERLEAT, B A Zho A S BOEHEAEAE, rEEe.

HR, A LI IZRI Ao e bedn, andf— A A B 8o 52 S 3 Bof
HIEdE, Mo emEdaRMAD D F. RIZRITHEE (Salt}{SeqID} Bk, LB
BrE AT REZ B, 5> &R B — R FI[E EH) Region b, BES Region H 35, B4 IHIN
Region Wk AT AI T (BrARRET TTL B RHIEA )

1.3.5 {EH7|

HHEL%SE RDBMS, %Il &7E HBase % H K A#HE ., 5 RDBMS A fF], 7E HBase 1, —
Tl LA EE A, mH T —/MNMeF DA E B AR ERY] . Tl 1—A
BUGX 2, EXEER AT CISEEL, MH TR FH R E R R EE,

T L ERZE, FR15e3k B — T HBase A& an{n[ 410 A9, HBase 17 fif 5 A& 1k
FRYE HFile, 4#/~5I{E7E HFile FE8E A I T, ZTE&178. BRE. 51400 &RFIE
7B, HFile #2ULIRME TR 2 HAWThAE, AR R oI4F . (02200 T T1aH,
TP SX LETHEE,

Ebtn, WRERSEM/ZHS, foo 5 bar, IPAE— kR G —/ HBase %, WM
Fll, #&HFrH foo Fil bar, XFMEEMIEALAT,

o REB—IRBEI—F, HAbFIRZZRN,

o REfBEE—F, HABFIARSZRm,

o HIEA MRSLH TTL,

1B, XEAFAb A —E . HBase #HHI—4BI05, £ HFile W& FRMIT, W
Z%h HFile 50T,

174 A i B 51 &

101 1395531114 |F Al

101 1395531114 |B B1

75—/ IR foo FI bar FI{E (L [R]—/> HBase 1|, sx Fuk s F TR I AL,
i HAA LN TR

o R ZIBEWRIUNAIRIE ., AR —SIATREE, WAl AEFERFA—41,
o BEAMASHETE A —A—sktk (1) fFff, BREAERHE—A51, RS 0.
o BTl —KEFI R, PSR TTL AR .

XFpEGL, HFile BIEEF940 T,

1T P 1E) % 51 &
101 1395531114 | X Al[B1

AILA b7 PR 28 IR/ g T 4nfaf i3 1) HBase s, ISR, eove T
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TILA.

o BARIGE AR REIEAE L ek s

o Z/DKARREIEA HBase 4EF51 Write-Ahead-Log 15
» memstore P —IRMRIF LS A £ /01055 s

o AIFREZ KA,

TER, Zarfilh ol 2FRA— A4, (£ HBase i, sEBIRPTAEZIN, 51
T8 A FRAE HFile W 54 1250 X BB BURETE 2R, FrLGE LA
AT £,

1.3.6 3l

BT %1, HBase HML A& 7 5% (column family) FIMEZ ., ZIFEAR E&FITIERLE.
IKFATUA —AREANFH. BAFIHEEA B W HFile 84, mHERLT #Tﬂ:ﬁfﬁ
] — AR A S FEANZ 52

FERZHERREGIT, —KBATELAINE, R kKD — Mo SR IEER, $HE
R A AR R AR, WD — A LD L 515

Eb4n, HBase &G WHII: 5 1 ATRE 400 A5, misl 2 HTaEE 20 5. E
FlMixA 1 AERRE Kk, e, HEd] 2 WEELSFEEE., B, MR
LE, A2 PR get TR 2 TEHSI] 1Y get T RkAL,
RAMEOLT, RAMASIEELS, AT,
o RS IF AR A

WRA PSS, AR E S 2 B2 2 RI#HT memstore, A2 AR/

eIt IjﬁlJ 2 fEH A ST, BTLA HBase N E A Eilzr 5% B,
Be A xR S /N

o RIFHARBAERE A
R SERT BN, M HBase AL Z BRI, B (7 F[R—4> HBase ZEfFH) MIicx
SPABARBG A . WkA 1 550 2 fERl—/ 55 A, kot 2 T get i RH#B
SHEPGIEARPLEIZ A . SRS TH 1 EdE, Mol 1 FrEdREZ R get iERAER
b, ﬁfﬁﬁﬁ‘fﬁf&#%ﬁ, X FEC T AN A (5] 1A 2 AN E S
W, SSREFAPHEAENEIRCCRE T2, BT RSx4 2 AR get il KA E
WA AR,

1.3.7 TTL

TTL #& HBase FJ—/N A BRI, BIAETHAm i (A Bek B i b . X B, e R
T AFfif— i), R Bt A BLG (2 E ATED AT BRLA, an R AR A TR, IRl
FARER TTL, ALK LERBITILFAZIIA KA I LR HFile 5 ik i, BEEE
TERIE R, (HRYICTBREER T, ARFEARIIE R 8.
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WA TTL, i B SRA MBS DD S 5wk, B At T 28 210 /O % AE#ME,
bbtn, ZRERATA B 7 FREE, AR TTL, A8 4 VRhas 2434 7 4F o8 R
BB, SRJaRHE—Zolid 7 AR R Am A — SRMIBRIE R . PR ZERN 7 4E AR5
P, CEONVEBTI MR IC T, X IR A G R/ E] T LA TB. WH., R{I5RTEE
BITKEIH, ARERZIILEILF ML P IEER

AT SR, TTL 2T HFile IR MU 8L, A0arprk, 2R ERERA e a
F| HBase W],

1.4 THREFIE

HAIA 1k, RATEL IS T Hadoop Hr S 4F HUEHE S5 A 1L 1 55X, DA Bt A7 i 5 2K
SR, G T RARAYTTEE 5 BRI S 2, AR IHE Hadoop 2245 AR Ge Hh e B B AN
3, CARAnfrl e o A Efl.

141 HARTHIE

— ek, TTEERR S TRABIIEAE . £ Hadoop A& RS, TEIEER L, Tk

ZHVLA-, a0 TRTA,

e L5FBHEBER XNHLKIE
BIELLTER: BiEEE (Ekin HDFS Wiy Hx8i# HBase HRIIAR) . S5
LR BIREN S X SHEFRRE (WRAIE) . DARE A SRSk (B
4 CSV. TSV. SequenceFile, %), MITTERE 76k T AL cEdE G .

» 5 HDFS XA %6 L3dE
AU MR, Z RS EE, DAREIET S EARISBIERIGE , HE R
38 % 3812 Hadoop NameNode #E1 747 I ,

e 5 HBase &48 X %) L3 A%
WAL TG R R, MHCAFRESN . A EM: (4 MAX_FILESIZE, READONLY, %
%), LARAIFERIATR, =8 H HBase A& EE,

o SHEIEMAFELH L0 LI
WU TER: Qg esds LR A, SdaErskii, QIdsda LR mtE,
VAR AFAE /05500 %, s I EHE /g %0,

o BB E Yit4 X 09 LEARE
BT EE: BdRERiTEE. SRR ENSE. BdRo MG B &R
fEFIE/ME ., HoedR A T AR TR, X TR A A TcEdR i, &
TMBREMBAR AR (E Mol TeT LAZE Toosedmdb i g o4t

¥ 1: {£3, Hadoop “A Schema-On-Read, BIABENAEIFiZReME, PRI & EdE 5 rh Bdm 1) —F
fEMT T2 Rl — 0 A5 vl LA 2 45X,
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AN THE Z ATE PR E — . SEEEIREA TR, WX EIHR, RTPEE
WIS 4%, HRAREX —FhoC Kl .

142 AFALTEIEEXEE
BEAEENRA, ERMASASEE TSR,

o JUEdE RV Pl — kRS —JOBAN S, 1Ak HDES thaCiifE e a, 8
HBase TR SEARAE I, X B A A B IO AR R an (il AR Y, ARSI T
(IS

o JCEAR AV P RREEEIRIE R (o KEEEHEFRE) , iffEdd AR TR (s
HEHABNTARY) FIX LA A gl A T Hd .

o JUER R VFEOE S B T B ERSZOTEARE , i LR VR P T BAE AR (T e
FFAHAn I 2R ) SEERMS oM GEER—/ 2 Boli R IRSCE IR o

1.4.3 THEHFEEMLE

Hadoop =& R G — /NI A%, BB FocdErv I H & Apache Hive I H . Hive
F T B A i £ — > &4 Hive metastore (3¢ R RV BHEE S, (£, Hive BB T &4
Hive metastore service FJR%S, ‘©5 Hive JTUEAREIR FEAHZC T, o4 T 850 SR BOlE A Fadk
ANIZEAE R Hive RS, AT BTEFRTE Hive 7CEFE %38 Z (Hive metastore database),
1 )5 FRIVE Hive TTEPENRSS (Hive metastore service) , 445427 Hive metastore &, $5HY
B E RS SEARENZREEA RS,

Wi & I RO, A B EH] Hive metastore FRoTEARAYI H ok % . 24 T REAELE Hive LA
YMi Bl Hive metastore, H—/>4 4 HCatalog I H 23 T, BLLE, HCatalog % 4 T Hive
fr—¥sr . REZERY— &, HCatalog REMSEHAth T H. (Lk#n Pig F1 MapReduce) 5 Hive
metastore 3 A7 —i ., [ENF, HCatalog i&if i WebHCat fil 55 2% 1% REST API Jil A 3
Hive metastore, fJJ | 1Jjla] Hive metastore [, 46E T ENEERS,

F FaT LA HCatalog 24 {E1Jj[n] Hive metastore HUBkHR , 4N 1-4 Bk,

BLAE MapReduce, Pig 5y iy b FHRE 7 #BRE M L AHBZAD AP, R4F#b5 Hive metastore B
HEBN AR, 12 HCatalog ¥ {11t WebHCat Rest API {Jj[r] Hive metastore, [fij H. 704
SERFE P H T 2 MRS JEXT Hive metastore HY TR N

&, {EfdJH HCatalog #1 Hive metastore [ H:- A~ —E B HF Hive, (AEA-ig i) 5 44
FHSCHTTEREIN, HCatalog A 2 {# /] Hive HYERILHL

Hive metastore #] LLAE =F#s {8 . ik A metastore, ASHB metastore FIIEFE metastore,
RETCHHER A, RN ICAEE metastore X # F Hive metastore, X4,
#&1E Hive metastore _|{#i F| HCatalog F—/N2E3K, 7E% FRIEAE)EH , Hive metastore AJ 1%
HU% P8 %2 MySQL. PostgreSQL. Derby 5 Oracle, MySQL & B #ii 24 1k 47 Mk p N F 5 h
JHZWEAEE . 2458, wTLAB T @i BE 25561, A Hive G —ANFH P IF By il A& 1Y
BB, FHERZERE 7 B O metastore KM, AR A w8 A — AW LAEHRIE R
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TR PR B, A 2 mT CAERERH 1% B3 2 5591 24 1F Hive metastore HYAHE FERAE . ()1
HAECAHWIEAR 2L 124 Hive BIEE—A81 P 4 B A BRRITAT

Beelinefiy 417 fempl HiveflR 55 %32
Hivediy &7 Hive Service JVM
Hue e BeesWax MetaStore
%‘};\“ga fmpala 3| Cloudera Impala
MR
Pig — HCatalog
LSVALAE] d

1-4. HCatalog 9] AERip[a) Hive metastore BIkAR

P 1% BRI BAR ZE9e ], B R G A, B TR e Sl i AR, BUAEfR
B, UARAE FBOE e B b b . — 51, INIRITERBERE, A RA% A8
(XFEDL T, Hive metastore #-H Hadoop AR &R IICE ) ARG HT A B ZE =L il
S —TJ5 1, A AN ZELE Hadoop HY SRR 43 28 LA T— >4/ VE B () B 122 52 1
Hih % ERNELREE, than, R AT ERGFHE—A AT R SR EERE, 1 H
TRARE FIZBERE PR3 Hive metastore B8 YR wl H:, 824 Hive metastore %548 {4
BUAFI HA B8 FESE TR 4T

1.4.4 JTEIREIEZG

{8 FH Hive 8% Impala I}, NEEZERBUL A FFERIIRER Gl S B 1208, XA
Si H 5 Hive metastore $E173 4, X B W& CREATE TABLE dy A ntAc Gl 7L 4udE, ALTER
TABLE s RERAS TCHAE, FMIA Tt RE A AT E I TCEHE .

i FH Pig i}, # & HCatalog 5 Pig o] LLAFfifk Fis 22 e 8cdE . 4051 FH Hadoop A 119151 H %
F (%0 MapReduce, Spark 8% Cascading) K744, = LL{E H HCatalog [1J Java API
RAFEREZCEYE . HCatalog [RI A —/~ CLI fil—/~ REST API, w[LJHRAFfE, &
R Z e EE

1.4.5 Hive metastore 5HCatalogh/F R £
Hive metastore F1 HCatalog ££ . F_b A —2Eth i, Hdh 08540,
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o & AR K0y A
FH & Hive metastore 1 it HA, 5t 2% 4 metastore 3¢ $& £ 5 metastore Il 55 & fit HA.
metastore £ 15 ¢ & 4 R &5 R I A A8 A, i H & g de 1 b BoiE 1R ik HA /Y [R)
B, R HAE (o] —Ff HA 4045 2 SE R 70 B T LA A Hive metastore £ 2 1 HA, H
%Z metastore R 55 FFEEHEAT, SEREANWT CHFERED — 802 /7 AL LAY metastore 817,
B, TEARCEIERIRE, XFpSHR E D RS, XA A8 P A 2 OB S
(Data Definition Language ,DDL) #&i& UL K [Rl—BF iR 7RI H b & 18 °, Hive tHIX FAE%
T fif X e fn] i,

o B AR X
Hadoop A UHEA 2 FifFfif 2R, XFT3X—m4, Schema-on-Read HE&#2H] T EZEIEH.
SR, DRIAOC AR Y fE i RERS S +F Hive metastore, FTLA Hive metastore H T EEATR AR
EER . BAE, KOABEIRZ A, L St AT LRIk, & FiiiCErEe
gk BT AR R, DARX O EARF G B, A M E WIS R
FEFAEREAR TR B, WoTls B X AR /E metastore 3, X Pl OL T T RER
B U SRR B RS, MH., metastore B NEIEERR sk R T, R
B E kR A T 2B (L BER SCE SR ), 1 BT Ae 32
¥¥E, B4 Hive metastore R] REA A EHI T E,

o B—AMNBEEBNYIT
BORIXFHA—EBRERS], (2R EFZEILH, Hive metastore £ R H: Al 15 5 ok
T, Wk, 74 IRFEEARIE metastore R 55 B 1E % iz 4T, M0 H 321506 £ H fth
Hadoop ZERF4r—A4F, fRIE metastore PRI 24

1.4.6 HEETEENAR

{# Fi Hive metastore 5 HCatalog A& Hadoop A: &% 248 H A7 fif 5 B B ST H 0 foc 5 DL 75 15
B, HAMEWT (FERRE R A ARLERRE), P8 =M AE A 8 F Hive metastore 1
HCatalog [IE UL FA-fif e idia . AR X 275,

1. G TEIESRN R S REN T GEF

FE1279H, RAGEERERERT, WATEDCE —Seosedmin A Seds 00 B AR 20
F—gck. tean, o XEEES, BREWWT:

< BABELATR >/< X505 4 = 53 XHNE >/1{ 34 ).

XFhEEM WA THRIBEN LR, IR, DARBIRES XG0 X FI & FE,
ACERERIY, Z2F TS5 HA AT CAE A SCE 2R S0 & R ocsds . Ledn, BZEAIN 4
A medication_orders FISCHESERI A X, HZEX} HDFS H 3% /data/medication_orders I4
—A 1s FRVERDTT

£ 2. Bl "2 0L Hive-4759 (https://issues.apache.org/jira/browse/HIVE-4759) ,
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2. B HEFEEAEHDFS £

TRAlRESs 2 F TR A7 ik T HDFS th, F76if %3 T EOR Ay — Fh i 2 B Ba st B %,
4 .metadata, ‘BRaAE S HDFS R0 B b, Rt vl B de e F 80t 5047 ik T Avro
S, 24 REi IS HCatalog % 7T 848 47 i T Hive metastore b}, X — ik &A%
S, Hive metastore X1 REME A7 ik (144 E 47 TS _E L e, HCatalog & 4ntk, 4n
R EAAE R CBAR A EEE 2N, b4 — A AHEE RS S A CocsdE. e,
HDFS H11J H &5 H nl HEAN T

/data/event_log

/data/event_log/filel.avro
/data/event_log/.metadata

[ERHEENZ, R ERRE, ARG, 4 fEia rcsds. A,
o, "] LA A 2L F Kite SDK® 19 TH AR AR CEAE . 1fi H., Kite 3FF 2 A TCEE A2 it
o RFREMENIZ T EAE HDFS thAE g et Gt R MINIGRRY ) AYIRIR, PRt eT L
{ifi 1% T H.7F HCatalog (LA % Hive metastore) H {5 7e8E, 7kl LA R bk —Fiok i
(HCatalog) HITCERH:AR A 75 —FPokIR (40 HDFS HfY .metadata F %) HITCHRE.

1580

KA R A AR AR —Fh R G AR — R A PR AR S5 . Hadoop AE & R GLIRHE T 1%
L, USRI AT, 2SR X 4 £2EH, —4JRFE & Hadoop I RIGVELEA
WriEhn, R4 Hadoop 132K J& T Schema-on-Read, {HEFEIE AR R AR i 538 vl LA AR
ZUFRE, PR AR . FE AR R A S AT . e A B I

EAAZRTHER, RATULE CikBfeff 538, i+ HDFS 5 HBase & & Y., AR {f
F HDFS, IB2HRAFEEARRI SR TIGR L2, Hrp Avro & AR F B 71 17 5% X,
ORC 5 Parquet /&% FHIYTE M 7 24453, F HDFS £, 38 P2 iZak £ A 18 1Y 46 g filt
i, Snappy A& H FMEREZ —. ARVRTE HBase 70k T804, MR A TH#
A AT e AR A YR TR R

AN EEEALE PR ST C BRI E L, JOROE AT UATRIR 2 2R AU BE, AN E AU
T RFASR e s, DIRBIRm 7B 2% . Hive metastore EL48 B AT il FIAE LT AL
PRI IR, (R REFTELE B CEdE .

R ZEB BRI AR R, X b v B AR 2 — ., TRA 1A B VRBE AL SEr H FRS
B, B —IREEE .

{E 3: Kite (hup://kitesdkorg/) Jf&—THES, WHF—RIVEKME, THE, SR, RETE Hadoop 4
SR LEAEHMAAE ARG, BREMLLMEIE BRA TR KAV, /£ HDES L OUH S BICEAE.

28 | &
ER#tX£R largelove(largelove@163.com) £= EEHRN



B2F

Hadoop#(iE# 3}

A& B %% Hadoop ffif SEMTHE TIRZHFEHEEE, 8k, BIMPFEHE A
AR EZERIGS, BIYMT RSG5 Hadoop Z H AR i . AENREFEMNIMNT RS (1n
KEBKIBFESHZ A E) RELEIES A Hadoop, LA MM Hadoop FF 2 BUEHE S A SPNES £
o5, A R IR R SR S A Hadoop B R Z B, LI ES AT,
B, BADESHEAZZIEAE F AR E LH, 410 Flume 5 Sqoop, #m, Fdl1&itieds
8 5 Hadoop AR5 % JERIAI S, FFHRHIAHSCHIL .

21 HIEXREXE

% 1 FIRF| T Hadoop H LR AT fif 1Y & R 3. A TR HB R A AV B e S ——n
A1 K5 % 9 5 A Hadoop % #¥, 24X Hadoop $2 it 1 3¢ R 4e% P, T ££ Hadoop 1 A7
Hadoop #ME il 3C 4, 1HA& K £ 51E Hadoop F 5% i) oz FH TS  ZE IAS [ R R S A 2 2 AN ]
HRE T, T BRI S AR T A [RIAY2ER . Hadoop 5 FH HY B ke IR AL 45 LA
R

o ROBIREE AL, RAREE A S T,

o HE. Plaspivid, AR AR TR S-Sl .

o MIEUVA YAV B A il RGeS A RIS

PRt A R 2 Sk A Hadoop R ZE% IR 2 N2, 4l 5 A Hadoop YRR % ,
X B, AR BRI AT,
o BABERR O RES T P

T SRRV BRI T5 A MBLE SR Y T HALBE SRk A 2 KRRl Al 52 e 2
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o BERWH
WA AR IGHT AR ? T EARR R R B B A B D R E SHA RIS
o BB A R
KAm s s FEm e AndRsy, BRS H TGRS R IEHR & A R PLIR
Hy?
o BIBHRR AR KL
Hak AWPHL? ok A R R REHR EIL R R A HE? BARREMLN ., Paaftinidg
R ?
o BIEH R BKIENSH
Bi R SG POZ A o X7 HEEEIE S A 24 BrA4E (41 HDFS 5 HBase) M?
o AKX
HAEAF ks A2 —Fh2
. HBEEH
T LA G ) A P S BN 2
BATESARF—THE-ANHIERFE: HHER BT R,

211 HTFEREHIR RS
BB R SRR, A AR 30 7K SR SRR ] 15 Hadoop o T AT Dy Bt
Bk ) 2 IR T SR ST ) 3 28 2o 1 B A RS B AR O, 2 7
b PRPHEL, ATER S RS E AT, Bl TSI A RIS 7 3o
i, ATt Hadoop svHCH 7 RO ] 5 K45 o] F-FACERAGI
— AL, LRI R IR Z AT F 5 ek g —Fh,
. KBRS

AR 15 5P BIEIBUNEOIL S , A AT RGN RIS RES 51— KA
o NAIALA P

S ARRLIRE 2 5y SRR —UOESS, IR BHIR B 2L 15 5080,
- EFEE AR LM

R R LRI, F1E 2 BV 2 4 B RIK B
- ERHFHRE

HR1E 2 FO 2 NACERAESS , S RTIAZ 100 05,
- %

SR AR T, T HAREE L, M ek EARAHIE 100 5,
FEERIORL, B2 MO SBUM S SCIH , SSBUS RPERIR A KK, I
RRACHRHR (LA PP 8 SCPE (640 SR AR B MAE . SR SN AR I i 2
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i S5 68 A R B 5 7

HDFS X ZR L TEAN . FrUA AT RESEINE & A FEAFH AL E . i— /8 B A%
s Sqoop TE45 WG AVEARIERIRN T H, BA AR R I N A P e X sk £,
X L6750 B AR LAY SSRGS TR AS A LA B, FTUAAE RS AR RO, Lhan, T
hadoop fs -put Ay AR fil—/AN 30, FHdbframirs, CARfE ERfHh A 6l 17400

{ /] hadoop fs -put 455 Sqoop b, IRFTFEMI T — . HDES | HU%HE A fif #s X T g
FEAE A BRI i 508, ik, o6 X T HARE, wTRET 20l o Ay
HACBRERVE, LR Sce 7 6if 2k, Eutn, 3% Gzip X n#% 3] HDFS w sk 752X
FhER ML B . RYE Gzip SCHHR%E 5 A7k /£ HDFS H, Ffii i MapReduce 5 H: fth
Hadoop ACFRAEZE#EATALEE, (HIEANFRATIERT — TP IHR B8, Gzip K=& AA 5 iy,
TR S A B B A S AR R B2, R 2 S A AR R, X AR T, A
AR A B iR R T 150 SR FH 2% 2 4 0B SO A7 % 22 Hadoop . A& ks rl 40 e, Lh
411 SequenceFile B Avro,

2 FH PR T M TAT AP AL L A 1) B o A SR ST, gk B2 1% 7% . Flume 8¢ Kafka 2 2%
PLHT, fEx B, HimbtE 2Rk A8t 2 5080, Frlk Sqoop 53¢ as Al M. i
H, FAZRE R 2 %80, BrLFE S T R 2248 24 HBase K Solr, X AHfiA 5ik
BURMES R RIS o Y BRI & B ECER, RAITEEFEZENGE, Rk
ANVEAT A . 2R B TAT LA BB AN 25 B T I B2 2ER S IL/E 500 ZFPEAN, R
BLRE LR AN &% ORFF AL PR R AER RS . T X — AL, BATFEEARALEEGUR, KA Storm
B Spark Streaming Z 25 T H., ix EE SR, XL T HMNIZEIEH THEARGHE, A
&% Flume =% Sqoop AR A RIE, IR, Tt 2 i-HE R RS 7 Fh
Storm F/1 Spark Streaming iXAEHY T EACEREEAT U AR . ANERHEAHE Flume 5 Kafka,

2.1.2 EEFEH

X HAVE U, BTEER R SR ME A SRR, SR EEs e ABERE. R E5kR
wngdE (Feanisd, B PG shiR B M A &), 84 HDES X Tk ScELER R E H o
HDFS REMSFFATIL 2 A IR 5h &% 1) VO #81E, Pl S PERER . HDFS Uik e Joik i in
HHEBEHLE ARG E2ER UM BIEOLT, AR A, XFEL T
ATLAE A BT SR B o R “Tm” Bdn, (13 MapReduce FIH b ACER 55 HEAS 1
()T AR AT A

R, T X HDFS hisdafrifi, o5 1| 27 7T iERgmHe.

FEHEAHERRE, HDSF & & RS NE] H b . AR SESRESINACELLE 2 5 %h
WN7ERk, T HACEE B A TIR 2/, AR A TR SR — A R B R &/ S
XAEA BERUE R SCHHIPE S, BRSO I AIR 2, H IR SR — mR A L i3
BRI A ML THAT 2 RA LN Z A SO REBRRE R, RIS, ELain
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T3 ABRBCAA SO L R

ARG S B THE — A RN . (A A S e R/ W]
B, RRZEARANE PN R TEIN G, TE 20 (Hadoop AURHEFE Y 5%
{Hadoop A% J2% ).

IMAREFTE G SIA RS, W2 ZHATHIMNI LR, AR/ i % HDFS, HDFS {{fg
PEIUEE, TS REIR G AR B O S BT, BRIk, FRITEEREE A—A delta X
-, B AL & SO LA BRI B B . B TR ZEREAT— />4 5F4E 4 (compaction job),
RePix ez, A IHESS i BRI 2 AT BRI T, B2k iR 8ok B B
delta SCIFHUECHE , TR EEOR B IHSCHHERIEDR . AIFCBIRIEE R &5 AR, HCH5ERK
b, ARSI SR AP IR AR, R, XU & IS & — Rt B,
Eeandh AT VE A AL 55— B4 Y MapReduce {£55 . RIBEIEAIR/N, AP REFR L)L 5 Ph,
BRI, X AL EH A A I8 i B oA By R Bl .

F2-1 A=A PITEIHES G, EE, F-FA%IRR 6.
x2-1:. &7

A, Blue, 5 B, Yellow,3 | A, Blue, 5

B, Red, 6 D, Gray, 0 B, Yellow, 3
C, Green, 2 C, Green, 2
D, Gray, 0

KR T IESAT & IR, PERES AR, 3 4 TR AT & TR IR BT,
FIM— AR AT R HDFS 530167, #fifH HBase, iXFiE UL ¥ HBase REMEHIT
AR, JF AL E R R . HBase /P put v 452 B, 129 4RRI AT Ak, i HLiE
HIEED ZNEE,

TEE BN, (H HBase TR ZH A HL 5 B P & 401, 55 HDFS ALk, HBase M1
(AR AR, bhandafiE B . HBase B4 8 B K £9& HDFS /) 1/10~1/8, 55— A4
[F] A AEBEHL iR, HBase 1] BT S IR G 09 31, 1 HDFS A S RERadLG, 2
LEEE T, BRI,

2.1.3 iFEEL

X BRI FR A BRI R Bk, — HAFf% E Hadoop W, ik anfa {2 Ebn,
AR T ERFRENLA T 0], HDFS Al REAN & S AP AV B, X P& 0538 A3 i HBase, #H
R, AR ESRER SRS L, HBase sEAIBAAE T, XEFEELEMHNERL, i
FEH— A HEARFE R AR EORERVERI . egathRe i tt. s B e, IBRIAE
£ HDFES, %4h, #ihiA<H) HDFS (Hadoop 2.3.0 UAJ &R A ) K HEESGEIREAF BN
W, BRLL, THAENS NN IREEEE, ARER S nEa & A+ . %R Hadoop
BT KPR R I AT A AR SR, RE95 9 Hadoop A= 8 ARG I T H 5, 28
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BESR RBEYL IR, RIiZERIAEEE HBase, AHSZACPRYRERIT, ATLAZE EEE: Solr,
W ENAEN 2-2, Hp X e B H W AR,
7®2-2: Hadoop#EfigzkEi8ipal o

TH A& EhiEgs

MapReduce | KBUHEALHL £ (4 H HDFS, e[ {fi F] HBase (E@i%)

Hive J& SQL 4 H At AL FE HE#7{f F| HDFS, o a]{di F HBase (JFEi%)

Pig A BARE = e HE#7{d FH HDFS, o a]{di F HBase (JFEi%)

Spark ki B AL EL HE#E (% H HDFS, el fl HBase (qEEik)

Giraph P AL ER 47 (% F HDFS, el {# fl HBase (qEEik)

Impala MPP %244 |1 SQL 5[5 KZ KGO T Bk P HDFS, (R /E3teelif il T, Bl
TS FEAC, R 2R HBase, Lban, ZEXTHAIEHE
UETE R, S T ek Ui e 1%

HBase API HeF i 5 J 3 A9 B IR -k b Pk, | HBase

T put, get 5 delete #ff

21.4 HIEEZRSEREIESEN
It R GE A RERAERT, NIZEELL TS,

1. BURIR & 50iE £ RIEEUEE

TERTA OB Ak 2 rp, RS /O B AR B EMM, X — rTREIF AR, (R RIER
R R - TRREEN A5, — Mok, Hadoop M5 HUE & 7F 20 MB/s 3|
100 MB/s 2 [, 1fi H. 3= B 8 2 458 il % I\ 22 28 7 A 100 4k v 33 BROBS 4 et A — 2 (9 B AL
g TR BOGE B R B eE, TREMRR R FIH RGP RS, 5K B A7 fik
(Network Attached Storage, NAS) ARGt AyME R sk kM &, FIFEEER
Mg, —/ ARSI T RS &% sk S AR B B, IR AL, —/-i
TP IR 5 &% 8 Bl = LR A REE i Bk Bl ok, (R X A B S BRI LA R
A ks,

2. JRIASL &K

BARVT UL A (o] —Fhkg X # o B CAS. XML, JSON. Avro. EHK . K30,
Copybook, %%, Hadoop REfEHESZ AR —FISCHAE A, (R T A M4 UEBE A e
FIEHZ B, A1, B CSV 30k, X —FaEH & AT, 1 Hix Mg N 3¢
PR E R ST —7k Hive &, ki vl LASEZI D5 AL BBl . HAE, 1R Z 31T CSV XX
e 2 A7 A% R AU AE S5 RE S Gl b U4 ) PRt OLfL Ry Im AL BE . Eean, M
Parquet 1E A FAif A& AT 508 0 A nT DATR BESE G 2B, (Rt AR NSO PR A2 fig 2l

FINTETE BRI, Hadoop /ARG PAYIX LE T HIFANRE I FE A R SCIR#E X, Fhans
K3, FLEEPE S (flat file) AIFIECREER, BRI SZEL, ERHESER
SR ZESRAE T, R 2 MR — S Ja S S e AR . Eean, SIF4RrI 51 8
FHIID, FiER—A 3 F KA FE, ID g2 bniifF, BREdRm L5
SERICHARIL, (B, RAFERBGE T IZICR R NA R BEIORN, an R 5 BRI E A
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car, MBAICRKATREM S B L, B, BEZRM5); R(ER pet, IBLILTTHIF
AREA RN, dhFl, . ARFIKEAR, FARIE “FTERKE", B T ERE,
Bl Ik BE WA 28 K S FTREANIE A Hive, {HAZ{5SRFELL Hadoop AL BAEZL AT A 2300
H, X AR PRAEZL B HE MapReduce [1 Java {155, Crunch, Pig il Spark,

3. E4EtE

TESRAG S R G BR AT s I A e it A i . HUR R e Tl WS (5 e 2
PR AT VO T4 Saas . Holl i A8 T K 2 80E T Hadoop 2 A1 He 445 m i 2% # A
XHisr ke (A Gzip) . Aik, {E Hadoop HE{ W] 43 i b3, Wl DAMEIX Seganth X F5 4y
Fo IEANEE 1 BAREIHY, XN 234145 SequenceFile. ParquetFile Fl AvroFile, i ¥ iX
Pl o o ¥ M4 3P E il 2 Hadoop H, e SRAC BRIN PN SO BEAT AR IR 1R . it
Ve AT AZESCHE S A Hadoop B32E47, {H# FHl Hadoop 2ERERY > 70 sNALEERE D% e, b
A PR (% i B S T B R 3 1T R 4

% 1 FLHE T HDFS iR R4 25 IEI R R . AP IR Al %
B, F—TEIERESFEAL BT R LH,

4. RRABYBEEER S

Hadoop J FHil & 2 %4 5k A A~ [5] RDBMS | 7 (%40 Oracle, Netezza, Greenplum, Vertica,
Teradata, Microsoft Z¢) WI%HE, X HLL&F &S T H A& Apache Sqoop, Sqoop WHREFE ,
REFF £, FHEL Hadoop A= R GE R HoA I H , Sqoop i F kS 4 i i, x4t
ETRRESE G RDBMS AASZRMBLE A0 d, ERASREDE, AW Eaees, gz
Map 1155, RHEFERID FEE, DR &R SRS

Sqoop HEATHIAE AL ERERE . A e FH A PR 45 ' T v 15 2 5 28k B SE T v A I Bk
A2k s BRI H AN . FEREBOL T, RATLLERE o i RESHE, Dh— &Rk Sk 5k
P N#E] RDBMS H1, L% — 45tk 8k 5t hn##) HDFS ., Flume, Kafka 23y TH
EBREHEATIXFHRAE, (H et kIRE Jy, LR HESRD,

{3, 7E Sqoop Z4# ¥, Z5 RDBMS A RA LGN A, A A (DataNode) .
AL LK Bl B A VB RS OL, AR REIEHE Sqoop, bhan, k& 5B kK 2 E £
TE ML), X LEfE DL T, Sqoop HIERR 5 R MIE A= i RDBMS 561 0, 8K)5E
P34 A HDFS w, K 2500 2 B EUR BB RE G — /> Y A 40 PR AR % i Sk, i
T 3t — /4 TR B S £ o B fil SO RS\ Hadoop 1, 81 2-1 2 Sqoop 5 RDBMS #% fif
XERIZES

%Fd%
N
it
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DataNode DataNode

DataNode DataNode
DataNode DataNode
DataNode J DataNode

DataNode DataNode

DataNode DataNode
Sqoop pratzzdis

2-1: Sqoop 5 RDBMS #4i# 3 #4HAILLER

AFJGH AT A 2 %83, FHEE R Sqoop HIEET .

5. MR

T AN BE BLAE Twitter 1T0. Java {HERSS (Java Message Service, IMS) A%, LLK
2% B IR 55 % B Rk, X A& OL T, TR 2S5 Flume 3¢ Kafka, XM~ %
GiABReTE HEEIAR KR ORIE, 1 HEDREARL, (el Z e —LemBEny 22 5, Fla ]
SEARZEHEA T f# Flume 5 Kafka,

6. BEXH

XHRG ST Z B A H &, AP RTHE HEHENE . REXIESAH
BN A IR H S, AT EANA B R B & A TR . SRIE H BRIERh 5 22
HEER H SR A T HA, 40 Flume 2 Kafka, 1fiASA% B {24 A Hadoop,

2.1.5 Tk
— A, T (transformation) RGN ARSE, WEEdE o X BiE o, Scd BEdE X
pee A N X (TR A A W (T o ST N O ] o
o Tk

Ft XML 8¢ JSON B Aty o B rF I 5edE o
. HE

AFE AR A B s, A2 Bk B 2 X
.

PR N E HDFS 5 HBase H1, LSRG [RIA T lA) X,
AR 5 N EAR R R Bk b ATk B an SR AR M A AL BR R, B4
ARG B AT RE AR S AT SO e, TR AT, 1R, X L@ T Hive, Pig
= Java MapReduce 2 251 T ., ®¢# Spark ZJSHUi Y T o2 ik, &40 IR £ 47 A
JERCFE, PR AiZ AL P R AR A TS D P S A AL, LA S R RS R, DA
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MapReduce 9 all-or-nothing (B¢Eh / RW0) 414, A—m—EZERE: REfEhc E MapReduce
PATBARRIE . X 5 R, miAFEEE all-or-nothing KbFE, R AT LARE B H#54  Aa H
H 5%y MapReduce, —/~ H & FACE B IAIICT, 55— M0 R ic Rk, BebiEi T,
P EARR R, AR T AR SCIE R, FRAEH S5 54T MapReduce Ab3E, A,
TEHHE HH Flume 2 269 T Haili ol e REM A B EERT, TRESERGX/MES . A Flume,
XAMES P LAE 4R (interceptor) FIESE S (selector) 2R, ARFSFHIGE 458 £
Flume FHICHIAIH, X B, T e T — M s ki e .

1. =88

Flume #2823 |8 T Java 28, (3 FRBARE LR R b9l A o ks, FobEEEs g
it Java TE S SRENY, FILEREWS SCILRIThEE b, CHAMKMRIGH:, ek —
A SE N, AR BN SRR R, SR s A, R
JCE T IRHEZE—3 sy, BrLASEHEAS %5 Rk A8 12, A8 18 0 JR R A8 AN IR 45 2%
VFBIR SR, RIFEFR LR, fEME P Ees R iR, WBRe DA —Em
PR, R4 Flume 85 SAESERER RS — 11 B2k,

2. ikE=R

£ Flume 1, &S E— 12N, EXRERPRER—58 ., ARG Flume
AR LA B

2.1.6 MK

F a5 A Hadoop Wiy, JLHUH H &R RS IR R 455 Hadoop Z AL, 4nif
T 2, B2 BE NN 28 445 S A0 R A SO IR B2 T . PR AT UALE K2k SCPF 2 Airde AT 4 b
2, 8EF M Flume JEHEMIZIE TP GmAY agent 2 [ FIEHE .

AR AR E e O, B R PR RAEEL ML B E, 1 Gb
LK MR T 5 K 2924 100 MBps, 2l i Flume & 3 &M & & antk, B4 M4
WL ehs ORI T Ao W . X BT 2% I R stn 1. AR A5 20 SRS ol ]
W, PRAT ASE PR R 2% Mo ) T B SHe il v A 2% 1 FH i

2.1.7 MEREM

P A R REM 2 JIR; KIESMRIE R . sl A 2R G, AR mTRERT . fR]
PATE % 325 B0t i 17 2R 2 S, 4nfi Fl OpenSSL, Rt "] LAf# F Flume, fE Flume agent
ZIAInE S R AR . TR, Kafka HGHANSHF Kafka Bt it 2 [ 8o s, Bl
VR ZAE Kafka ZSMEAT g i T0E,

2.1.8 WHHEESEFIEK

ABHEW A LR UL AR tishiXfEshit=k, 299y Actor [HIFERE,
e Actor H —BEBIMA B R TFEEE L,

o EAEHERAERER,
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o RS R T SR
o AR RGO, DI,
o il % At

ARED ST IFMM A X ok, H2REEETHE — FH A% A Hadoop T.H——
Sqoop 5 Flume, LABA{# F] Hadoop SRAEFHEIEGEN, HAEHESAIIMI 25,

1. Sqoop

Sqoop & —FEHRHER T3, HTMINTAE RS (e R BEAHR A ) pIgmcdE, FHm
A Hadoop #1, & M Hadoop FRIREUEHE, i ANINB RS, X HUHRMIEASS B
RGIARIZE, iR EERE R, SERI ki 2ikE, %%, SEWhE 2
J&i» Sqoop FrAT—RFIMES, FahFTiERIEHE.

FELA R, Sqoop MR TEREh I (h) Hdi, WMTFEFHEBMRZINE, 204
Kiid, Hadoop % 55 {MHEIR R G WU BT, i DA S B R 44 M B o 0 3o B TR At e v
PG, FATFTZERT Sqoop EFS MU TR, Bh B THIR ARG B miE ], A5fE
T A2 BEE ] Sqoop IS IERIZR 5407, FHHE bR e 201,

2. Flume

W, WS HREZRS, WA A T Y Flume B 6895 ¥ 5 #f, 8 % & % 1 Logd)
appender, X A& 0L T, Flume i it 7t 7k Ze 4 2 {4, Flume JE A5 1R £, {244 Spooling
Directory JEF1 IMS I, X BH M FHmEEIRE. B — T, BROSERGLRASE
Je TR ) 22 v S R Am M AR Flume,

2.1.9 HiRAE

BB RGN, — A EZAH BRSSO, B RN A &t 2 —
AHEREERFE, ERRSAXARG S, FEAE T RS TR % A, sk
K, BERBEGRET, FATTLLRE Z BRI/ (AR SR b rERE) , (HREA T2
FRREPHIE T A BT DR, X AR SIO R R Y o, WAGE BRI, DA anfal AL B &4
=k,

B AR R 5 5 SRS A ¢, than, hadoop fs -put <filename> fir 4T, put
A PATIE R, A SER T CHEE HDFS VIR IE, &l =k, HARE, (H&an
Aoput Ar AR TE? AEFSC R IR — R i, R Z A ARG H %, £
IR R REA R W, ARG — T RG],

ARG ILE YA e 255 H % . ToLoad. InProgress. Failure Fl1 Successful, X BELHY T
TEGRARE R, AT PR,

(1) ¥ X2 2h % ToLoad,

(2) M AFUA I put dr &I, B SCHAE ) F] InProgress Hi,

(3) M put a4~

(4) Zndf put a4 HBLEF IR, WK SCH-F25h 3] Failure H gk,

(5) i put a4 B, CPESCIHEREENE] Successful H g,
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TER, ARAE put dy & AT BL 7 BT IR, 0 455 S T A0k SOk %R B SO 1R
hadoop fs -put fir4 I}, FEFEEPMET EA%IMIR, AR SR (ki Fe rh 2 B A 2 IV TR A
HAVN, AL FHEEF AR e HE AR,

SO ERARR R, LA RE — M RE S Flume BIBT-, ££ Flume 1, R 2 XIH)
FRER ARG, FATHEREE L — T, HEAUBAELL T =AJ .

o 70 Channel &3, $3EFhHAYIE (4n Spooling Directory I ) Kf JC &: 8 3 1 fn %k 2|
Channel #1, SXFMEDL T, 7EEH 22Kk A Channel S8 B2 0F 200, IZ50RIR S5 1|,

402k Channel Ui, = 2040 BOR 5K o 26 F 0 In#E 3] Channel H, X FHEILT,
IR IR 5 2540 Flume FH P e300 i Ja bk i 2 0F, 1) Flume H P RERS B Hitth
PR B K Fe BIZEAR IR SO A AR I

o Sink TS INER &AL E . Sink B Channel 2R EF M, e
RIBBFLALE . HRR KB RN, 20 EofZ Atk B4 58T M1 2] Channel H1,

Flume 53 &5 2 i KRB HIE T, HILE R, {#1 Flume RE% & il Hadoop H17
A, XY, BB, FESRRRRERE P, Bk, RIS
B, BATRAEEIERICR, WORRE T AR Z, ARG Flume A bR AbRE T
H., 40 Kafka, (B, RACEER 0K ZHIC B, SHORIRKHITERERA . FiT&/E
REEEIHERAI N 2 A — A1

2110 E%E

BJa— AN TREHERIFR AR PR E &, fpskil, xBEEEZEHNES
T ETF I EAEL 30 ] Hadoop o X Tax Fh i, W LA hadoop fs -put iy 4K fif
Pelm)E, o RT UL H AT Y HDFS, 2nfH P23 Al Sk 248 (Filesystem in Userspace,
FUSE) sIMZE 30t %48 (Network File System, NFS), Fofl 105 & HEX Leik#E,

2.2 HIRREIEFE

RMEL TR T IR RER KR TREE B R, TEARAE R E R RET
H, DR A2 ah B 2] Hadoop HriYT5 k. A 12 ATAI BN (4 32 HDFS, — A JFE {1
KA T H:, 40 Flume 5 Sqoop, AnAi Tk, Ff1HY H A RIEAMA XL T A, e
I 2B an Al A 8O i X Se TR, I HoRpix 26 T BLAE A B AR — 365y o SCHR R AN L
HWZ B 50k AR AR AR 2 HE R

221 TSI AR L, a1 HEmA Hadoop 22441 Flume. Sqoop 5 Kafka,

221 XHEHE

PR T A (LA FH) Hadoop fi A #LA J7 Bamt At % F SRR —— e ih i, i
hadoop fs -put 5 hadoop fs -get g4, XAWHESEMIRIGE:. FrlL, fEikil Hadoop
BRI K ER T, &5 BT R B S i

FEVEAHTRE Z 1T, FAT15E 45— T Hadoop S (E4amIRT =i
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1.

K& —Fl all-or-nothing #LALBET 7%, FrLAAR S B b LR, WA B A
SRBUE 5l X R )5 745 Flume, Kafka ZKMIRET LR, faHitdt ek
FERVESRACERIORE, JF BLA R

KRN A LR, RRETEAT R4

SOl SRR GEr S % 98 S A HDFS,

AIF RIS, BolR % F RS A HDFS, a5 A HDFS J5 A REVEATALHE, X
55 (et B2 b BB AR AR . 00T Flume B R 58 3 15 (e A v O B i 4t
X FMBAE R F AT, PTLARE (AT M 267 51 s (SoAs . bt 5
R,

HDFSE PR &

RPIZCAERS T, SOl hadoop fs -put dird h—A3C # SR HilE] HDFS H, 1fi
HaRT TR, 528 put a4, SCHRRE1ERD—A i 2 N R A7-fif (£ HDFS W, 4
A B AR DA 1k AN [R] 9 Hadoop i 17 sl b AT & il B ISR A BOE v BC B 1Y, (R
BINE R =k AT RIEBIRR AR, B EBIRIERS B — RS,

{8 1 put iy AWl AT AR AP A 57 . 308k X, (double-hop) 5 # 3k X, (single-hop), X
Bk 2-2 Fror, T2\ Hadoop i 475 AU RESL £ 3E /T — 2o BB 5, FRLAX Ff5 i
Pefcts, R, BRI oM S 2 40 Jo i 3 3] Hadoop SR, P4 X k&
ME— R AT 5

SN BRIR Hadoopill 711 %

AL A L

B 2-2: MM IHE

ST i k5, anlE 2-3 Fon. BABkATS i EERIRE O X A AT RS, EL AN NAS
T SAN. SMEREARIR T LA, 1 put fir & BE BB MR A IO, JF AR B A
HDFS, X Ft5 AR R REM AR THEERE, PR Tl Gt o R B A A i 755K

SN Hadoopid 217 %

B 2-3: PRI

Hadoop##E#z1 | 39
ER#tX£R largelove(largelove@163.com) £= EEHRN



2. ATE#HHHDFS

% T {8 | Hadoop & /i EL & A 4, B 1R 21458 nT UL HDFS 4384 — A hrif iy 3¢
RS, XAk, HPET LGB bR RS R4 (B Us, cp Flimv, Z5%)
i HDFS 28 H. [, X[ LAJ5 {8 H Fijila] HDES, X A7 /E HDFS @it & Fs g ik 45
BRI,

o S5 $E5R) HDFS 4R, X205 i A REfR o2 201 POSIX i X ',
o XHEALFEMENLE A Eim X RGEDRE “—IRBA, LKIZHR,

A HDFS 1955 — AN b AR DR . R8P RERS Skl Ui [-] HDFS 5R 830
(X AERI D[R] AT RESY 51 R AR 2 /NS IRIR S . 24 Hadoop fEHE AL 2 5 B3 & 7 fif 4
AR BRI, BTCARCZRG kX MG UL . TR, “RZ /NSO WTRER IR, 1E
— ARG BRI SRR AR R A3, T HL, O T IRIEAF i PERE SACEEERE, Hadoop
B AT A BRSSO . AR TR SR 2 /NSO A Hadoop,  ATLCR LT 75 3%
[iS-A 8

o {#HH Solr FFEFIMEZ /N, 5 7 FHHREATHE Solr,
o [fH HBase f7-fif/ N0, i FHBRARRISCHE 2 ARTE A, 26 7 BoRR ATHE HBase,
o [EHZAZHMI, 4N SequenceFiles 8 Avro, AF/N3CfE,

RZ I H #874 Hadoop $fik T Al H:#iE 1, FATESFH — FEAH HAILSE: Fuse-DFS
5 NFS,

e Fuse-DFS
Fuse-DFS % FUSE Jii H €%, B /E{eit UNIX/Linux X RGN EE, R ATFEE
%D R Ge. Fuse-DFS i Fl P25 By {E A H S 1 R G0 % %< HDFS,, {HJ2& 1E A P 2318
Fik, Fuse-DFS 4% F F v H 5 HDFS Z I — & 5IBkik, & B FHZmPERe. 5ok,
Fuse-DFS WUBRIFRSRPERRZE . TRk, HIPE(EIH Fuse-DFS fifth ™ i Al 2 B 1 1% 18

¢ NFSv3
VTSR BRI E 40 T HDFS 32 3 NESv3 thil (4nf& 2-4 Biiow), iZig et 7 ey
JRWI T %, wHAERER A /D, X R THEAE— NFS MRS 8%, 1%0R 45 a4 6Ef
DFSClient 3 {4 A HDFS, FH Pl LU 300 % /4~ NFS [I5&5 S d X — k.

{EE, i NFS WISE, BLOAGRERENLA RS AR, Xt2sk NFS ikR5s & a5 A
BAERIEE] HDFS 21T, LB ABRE, Xt S8 rikaiides s, JFHER
WalHE REFN L AL RE . (RSB BRI T HE8 HDFS i £ 201, —EBeibl— THdes &
el R, LMRIEIZT ZRefe i rdmtkae. B2, (U S T 0 mihF
sEE S, A RER T 4B £ Hadoop SERFRE H IEZZh T £

1 1: POSIX & — & 5brifl, BIEMFIRIERGEA AN, Hp a2 509 % Kk, HDFS &—F
“% POSIX” MICM-Z 50, {HEIHA RS POSIX A I R H & ik
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SRR

A Hh g A

Hadoop NFS| 3

SR EE IR

b

AU LA

2-4, HDFS gy NFSv3 %

222 XHtemESEMRETENEE

8 PRSP R B A ELE S UL i@ R, TR AR RR SR AR AR — R 51 -4 A 51| HDFS
W, i AT DA 2 BRSO ISR SRR DL T &I, fESRE A & ol DARE 52 3 (5,
HE RO REMLT Flume TR, FEZELLTHZE,

o TWEEBIRREIN LA EN? Hon, RFEFEAEE RN A HDFS Fil Solr, AR
FEAE Rl IF 4 A HDFS #1 HBase ? XA UL T, AR SCf-te4a, ABAfESCit R4
TERZ TR TAE, BRI Flume BEoUE 4 .

o OPREEPERVEER S AN ? AR, B4 — BRRE R B, SO it T
4G, XY, Flume [FIFE EAFHIESE

o BERIE 2R EEHRIED? AT, Flume EEEE AR T A,

R FTRAE M, W LLAZE EARY{EF Flume Spooling Directory i (https://flume.apache.org/
FlumeUserGuide.html#spooling-directory-source) , X FIH57%:, P RSO HCE B #645 H
R H ok vl DAREE SO . X PR B SCHEI 5 B s vl &, i HL 5 22 RE A% S Bl (& far it
e A B et

2.2.3 Sqoop: Hadoop5x Z& HiEERIH & EH

RECEIE TIRZ Sqoop HIANR, TFHSKTELN T ff— TAHRIIZ S H iR E SR,
RIATA, Sqoop A& —Fh T H., Reth iR 5ol M 56 2 5o 2 8 1 72 585 1 3 Hadoop 1,
Ho BE b = bl B4 A\ Hadoop 5 HE B R B EE M R 4. 4 H Sqoop M EESHE
Hadoop Aitt, Sqoop 4= A BR Tt 2 N AY MapReduce f1:55, 454> Mapper {ii il —4~ Java
BoPE A% (Java Database Connectivity, JDBC) JRzh2% AR 2, R EEFHESH
MR, FHR%4E S A HDFS, Sqoop HE# RifE, ALREWSHHI AR, &I T where
BRI e T A, HR R AT TR A

bedn, #HEELT 95T A s — Ay
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sqoop import --connect jdbc:oracle:thin:@localhost:1521/oracle \
--username scott --password tiger \

--table HR.employees --target-dir /etl/HR/landing/employee \
--input-fields-terminated-by "\t" \

--compression-codec org.apache.Hadoop.i0.compress.SnappyCodec --compress

A A S T RE R T

sqoop import \
--connect jdbc:oracle:thin:@localhost:1521/oracle \
--username scott --password tiger \
--query 'SELECT a.*, b.* FROM a JOIN b on (a.id == b.id) WHERE $CONDITIONS' \
--split-by a.id --target-dir /user/foo/joinresults

R, TEXAGIFH, $SCONDITIONS & —ANSCARIE, 1EAMAITHI—H0% A . Sqoop il H
{fi FH $CONDITIONS /5 fir FF 42 AT 55 (AT R AL BR , 3847w & Bt Sqoop 2 F P e I 45 ARk
AR OX N

A5 BHEAR JLA LA Sqoop A B R4 75 i AR,

1. EFEA 5 FE5)

AR, Sqoop 23R F £ 4 Mapper RIFATIL A RES R, Hnam &, TEERINEN
T, Sqoop fdi Fil 4 4~ Mapper, ifii H4y FACERATSS . 4 B 05 i 15 3 = 851 e R (8 5 B
/NME, SRIGAE Mapper Z JH] ¥ 5y BAE TG . Hf Mapper ZIH R ESE sy ik, split-
by Z ¥ REHRE A E A F, 1 H. nummappers Z: 4% il Mapper HU% R, TS L& itie
F, fEixBigE—A split-by 24, K2 &R A BRI, E8, A4 Mapper
ARG ERSS PB4, 1T BLAE where iE Ay vh 5 e FRE R —EB5r B, 45—~ Mapper #B<x
BZRIZRMIRE Ty, EFE - TRERISE X FFRES, X RS RE fpm
Mapper ¥ AL MR . AR XM HE, SdFiE B H g — > Mapper,

2. RV sethfFE SR E & A R a8

AHIY RDBMS SCHARIRARI SQL 5 . BRIt Z4h, el RDBMS LA RIS 4L
Fpe b BedE 4. Sqoop &7 —/~ i@ AN IDBC 2%, FrLARE A T —Ff = #F IDBC
MR . ARt AE I — Lo by p 4R e 2, RERIIEARIIE S UL R . Lt
AN, Teradata i%$2 &% i Fl Teradata [ FastExport & UL & 75 NP A74088 5, 10 Oracle &
B A T AT A R, DB SR A T P R 2% B A

3. {£ A Goldilocks/& MiE i Sqoopt4 &k

KEZHE W T, Hadoop E#ENI 2% AR I T RDBMS, 4ndf Sqoop fii il Tk £ Mapper,
Hadoop &1 H P EE 5 A 80s it — e 4Rk 55 Bedi . AR T it 214 Mapper, B
2R RS B T RE TR AR R A AR 2ok, X LAY EE & A% Sqoop 1155, LMEM &
T KR Mapper—— gk B Goldilocks JFMI 2,

FH T B 22 A 8 JAUEE T8 R T SR B ok A 1 A XU, BT AT A 1l 5 8 e R R AR/ 1
Mapper, ZRJEZETIE N Mapper (%R, LAKF] Sqoop KA FE S HHR B AL Xt BT A H P
FAIN] 37 7 ] - fl

{E 2: Goldilocks J5 I F AT AL M E T 2 A, A28 BIRFRAE .
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4. ERREEERBAEFITMHE S KR

M El—/~ RDBMS W3R L5k R IER T W, A FIFr e FH 28 B 2 317 i i dil i 5
7,
o IRA MR A

%A H R B AR T, Hilk AR T E it RDBMS 5 Hadoop 2E#+ 2[RI 7,
T EAIZ Tk, R RAIIA ek R, R H A AR B 2 A0 T 2l 1 A4
I Mapper R EE, FRLCREERTRFE T MY Mapper £ & AE ., AREIFIEE R4 2-5
ﬁ)?ﬁ_“o

11551 1552 11553 1554 {155
=t
liIDAN | 1 1 1| 4A 1
O N 0
L L R 0
oy 1 I 1 I I
HiL3 :: :|3'A | :l e | I
1

Hifiza _=| 1D 1| 24 1|38 1| 4D 1| 54
[ | [ | [ | [ ]

2-5: Sqoop EBIMFFHT

e 2-5 FoR, ATHRRE LS5, A LE Mapper [RIE . XA DL EOH PRI T
B RS (AL, HHILIERETE 5 R FTJTIY Mapper , SAmAbBRIM I 5 ML 1,
ik

Sqoop .55 HFFA7 ftiz 7 mT LA 7 A A FEHR, (FE PB4 RDBMS 547
[ AT Mapper 9/ FE AT A AR AN, SEARURE S/, T DA 25 1 24 6 — A~
HEUR I, K Mapper [ KA 1% E A Sqoop 5 RDBMS 28 B RE 5 8 i 119 55c K4 e
INRARIEIER, T II% 05k b BB F AT 25 44018 2-6 Bz,

Hifiz1 | 1A | | 2A || 4D |
w2 (18 |[3n | [4s |
it [ [[2a ||52 |

4 | 1D || 3.B || 4.C |

2-6: BIAFREBIRKESREN 4T, Sqoop EFFHTHNT

30 AFIRERE — MEAESS 2 MBI 775, B v MES R, AR T RE S

Hadoop 2~ B 28 FH 2 N 25 B At 7535, 1217 Eric Sammer 4w 2 ) (Hadoop i AR VEME) 5 7 = .

Hadoop#X#E#zh | 43
ERttX =R largelove(largelove@163.com) E= EEEhFiR



5. MRS WIRE i

AR RIL, BlaREE I % A BEH Mapper BRI Mg 7. BAERELT,
Mapper SN 50% , SR BE WL 21 B o PR N 50% . REFL EARMER B ANKCE, B0
RN mapper X R IS AR, AR LGRS b T REAT RS

LA A — Ll REAFLE AR

RSN

Hadoop 4£#£ 5 RDBMS Z [EI[JMZE "I HESH | GbE B¢ 10 GbE, X EhkE —H W REBEF
57 BIBRIZE 120 MBps #1 1.2 GBps Zifi, AIRAZILIX A E, B2 i Mapper 1253
IR BER R, AIANRESE m R B

X AR AR B

B B FR I B 5 T 8E FEAR S5 AR ) CPU R IR, AR WAL 17O %R, 4nf Tt
PDRAFIX LEHHR, B4 0 Mapper £ ATRES (G OUEM B2, IRFEZALA Mapper 7
AR, EHRBAH, Sqoop HIEAEHZES]. I Sqoop R FMt, 2
R, R LA Mapper TESG A [Rl— N, WAEHEMAFEIK, HiF54E
M B P45 PR 4R T Sqoop AUIRIE, FF H.ik4 B (£ 4 5 11 %] Hadoop I a5
Bt . 8K, fEBdsEE RIS, 1% Sqoop $4f TH ] & B FRAH Y

At At

i 1 2 4~ Mapper i tH 8 A~ K I, Sqoop JH 3= #EKF Mapper Z IR 43 FF, %5 e 15
PN R EE SHIE, SR5H M napper £y & ¥4 d. than, ZnR3AMEH THA
Mapper, customer_id &ZEHY L, 1547 select min(customer_id) F max(customer_id)
from customers AT &7 EIHIE D 1 5 500, AFLZHE—A> Mapper 25t 1~250 HITH TE 4L
5, 158 A~ Mapper it 251~500 HUTH & 4iR . X R E AR AUE HELHIAL, BT
ERME, o TEHE B S/ R E >, 4L Mapper TR ZACHE LS5,
H --split-by fir & AT LLEREE4FHYS 41, Bc& M --boundary-query i 4 174 1),
VAHZEAE Mapper Huf 415y DT,

HER

Af# ] RDBMS FRERYER:EE (connector) , 801 F IHMIAS AV ER: Sy, #ISSECRA
AR FA T, RS,

Hadoop

5 Hadoop SRS A EAALL, Sqoop fi Y Mapper Hm AR/, Frllix AN K AT HE Bk
FH, HAE, RAFE ST, W& Sqoop 1) Mapper J{% A S F LS AT H, 1M
HERAREL VO, CPU FIFIZRLL R EE 11 mify 2 (Mapper iz 4 THIEHE 17 5) .

7 A 7 XA R

AEE R, S A R, AP SEERE A s Rl % EEARX
NN Ly X, BEARE D], £ Mapper MRl —A~Fizfrafkf, &%
% RDBMS BB B IR b %S, anfl AR LBz Fol, B2 da it AaefE H—
/> Mapper, XFEOL T, —A> Mapper HYIE AT B H SR BELL 2 A S AR ZER 4y A
Mapper '},
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6. {RiEHadoopRI HIE Rl

%7 4% M. RDBMS R4 #| Hadoop, iX il A& — A~ #—F k-, B &R A AT, RDBMS
R R R 2 R Ak s, BB 4k S5 S T Hadoop WAV SR, —EHi0H, EXMERT,
HDFS 4 HUEM B S R G0, AREEFEE S (SR RN /ERY HBase EKERSM), AHEE
EHEAE, BANTHERIREARE. B, SCE A AR E ORI EdEE .

AR FAS B N BRI ZAC AN R D, MIATR SHB R RIS B RN, 5%
B3BT Hadoop Hh HKCHEI, T LR 83 8 iz 17 B4R Y Sqoop fitH fiv 4, ARJA SRR3R
(Hrh i fE TRrA RIS, AT RRCA B IH AR A o

R R bb i Rm HoR R R LA, FRATE M T R LR 2 e R /B H &,

X LRGBS, Sqoop SCHFLAMFNT; 12 %2 BE Tl £ EHTHIAT

e Sequence ID
IR AATEAA — A FEERY ID, i R THY ID LBIHATSE &, A4 Sqoop REMSERER Ik /o
A HDFS iy ID, H2., T —ikiafT Sqoop Mk HAgHi b bk ID B siofr. X Fhy
G T R, FEERMIRIN TR, HEtA TR C 2 eI T,

tedn, EEOIE—AMES

sqoop job --create movie_id --import --connect \
jdbc:mysql://localhost/movielens \

--username training --password training \

--table movie --check-column id --incremental append

SRIG, HSETEHT RDBMS $di, HUTi%(15%5 .

sqoop job --exec movie_1id

o BFJE] K
RN TEA — AR Z R TR IR R, s b —kE iR, B4 Sqoop st
REFFfif -7k 5 A HDFS BRI R, $T ™RS5, Sqoop 5 U HiHs A 5 &t Al
BAT. SXRP G 08 H T4 A (L s O, X R O RE R N T AT ST T AT,
iB1T Sqoop FH J& --incremental flag 3G, RATUAE A —HF 4, XHSHUHTHIEL
PEVE ) 7 IMASCE A EX — B o, X EME X — 588 B % _Eis i ES AT 2800
W VERERE R BT A B RO A B s . 25T e R e Z 5088 — 3ok 24 Sqoop 1E7E
BTG, (LS HITMEET, IBLISESS Al Re FACEE T80 B BcE . 3l HEFE L
Sqoop P34 & I ECHE BTN R BRI H v, — H. Sqoop SEBEHERIME, (_SUCCESS X
T ILBE A INE SE B ), Wk v AR BCHE HE AT S BEFN TR , 33 28 0] DL7E K B & 1l 2 B
Hk Z AT T, B H et vl AVE A8 40 A InE) A7 () Hive &b,

LR BAE A R EBTRIAT, T H A S TR, FOFEE I
BRI EAEIE. Sqoop SCHFIXFHRAE, @4 A sqoop-merge, XHPKMIZ LKW &IF
i CAFARIER) . B0 EHZLRAEAZ KR HARLE . Sqoop KFiZI M A EtESE, i
HPRATHIBEAH RN, R PR B SRORTHIRRAS . sqoop-merge AR A AH 24 il FHHY, S<HF Sqoop
FEHEESIRE . mREAR R, JFHET T XA, &I ERIE AT AR X —
F, =M g2y Rastfy, B E Map BIFESS .
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2.

2.4 Flume: BEFEHGFREIBILERLIE

Flume /& —Ff 4 NI rTSE IR R 40, HTImAR R m e, REMED) ., Flume @
M3 HEHE, (LRt s KREFrEEE, R BEAITER . HESIF S
W2 I Rt . T AR X LR b/ 23— F Flume, SR THEM R EZENREZES
HEAL, Ak T REE 25T Flume (9N %, 15214 Flume H 75 3CA4 (http:/flume.apache.org/
documentation.html) K (Flume: &I H, wl¥ BIE= HERERSGD,

1. FlumeZE#y

I

2-7 JB R T Flume BYFEZ4H 1,

A <]

S
S

KRR P RS Channel Sink

K

DK

5 od &

| Flume agent

® 2-7: Flume A%

Flume Y448 05 6 71>k B SMEBECR IR -, 285 K& F Channel 1, SN AR IR 7T
VB —Reus L S R S0, bhan Twitter X AERYFEZS A NG, Hlas HE, B
FAH BB, L Flume 487 A H I 68 R T4 g SN AR IR S 1k, TR2 5
YE IR #LAE 5 Flume —#2{# H, 4% AvroSource, SpoolDirectorySource, HTTPSource 5
JMSSource,

Flume #2885 REGHAAEE MR, JFHABAE B B P xS AR & S, Flume $2835 10/
S FEAL R ' B T Java AR (] — PR AR  F2 8085 5 H T o X
g R W, SeERREdE T

WA DR T, F P RS (E LA BRI F R AR BT B L2 /MR, IER A,
MR TSy £ 2 A Channel, B0E T 24 T F KX FFE Channel, B4k 4k
WA,

Flume Channel 77§54, E I —4 Sink, &% Y Channel 24 Memory Channel 5
File Channel, Memory Channel & 3 {4 77 fif T N 4%, 7E Channel 2 Fp 424t T e EM:RE,
{HR AR S EHURIER R, BEERFN, SECTREMERERRIC, A A
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£ Channel 8 i i 5 U EF AT S (0 Fr ARV A7k . £ B IEFIRY Channel & —/~1R
HEAZRIR, TR SR A

o Sink }ZEfF I\ Channel PRI EE H A E ., BRI E AT RERFERE HIRAS,
B W LA — 4T Flume A0PERIAZE . % HIHY Flume Sink & HDFS Sink, #4485,
B KEEE A HDFS XX,

« Flume agent /& X Sl %5 8%, A% Flume £3EJH. Sink. Channel 2 JVM i#f2,

Flume A7 5.40°F

. THR

Fif- & —HAE Channel HfEfig, EEIMERBT— BB,
o TR

AT AL EIRE S, ARG B IR R
L E

Totagnih, BCE SR E S AR A T
o RERHML

R Flume & KEAVEAEIR . Sink LARAEZESMAGLH AR, (H Bt B T HERE,
RETZ IR P AR5 Rk il s S B
KFRIERY AR
RYE Flume $206 T “HHRAYT &4, (HSKBRiE NI A RER B A 2> Z F Y
PRIE. AFhERIRADA ATRER A : NAFERIR. BAALERDR, HERBAT AT
BEER. HAK Flume AREASMEMIEHT o 2 WHORIE, B Ew LIl
Be B R 2 5. B ACT RO RRIE A 2 2 S B REMER . 2T Y BT
FE T EMAACERIRIE, LERIESHERE Z RIBFPE, ARt — P HEM
SRS E N

2. Flumesg{

AT B T Flume SRAESCHRA ) — L85 W0

N
Bl 2-8 A— I AR BIGI-, X AT REAE i ILEY Flume 2844, A, B4 BdElR
25 (AIMZARSS #%) &SRS T —A Flume agent, i3tk i%3] Hadoop %15 4 1
i agent,
XEEB G H MR — AWM d, 5 Hadoop BEREAYAZ B ARIE . 18 FH 2 A8 47 e
AEFR At A gE Pt . — /ARG A BENR, FEASE R AR R X Z a0
JESE, XFEREMS UMK R, R eEIRETE, el LA SSL Sk mEE e, 1+
JE T R E AL B A, FRAT1SEF] Flume Fi ASCEC & 1Y 528 511,
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2-8. Flume A4

REH B K

BAH WIS EF M , REREFN LA HAE, XML HE N TEE
R ERERE, IR TRMENRE (Disaster Recovery, DR) HI# MR [ 2-9
e, FATEH Flume $$EIFERYFHE S A Hadoop MO ZEAERE S FIAERE, (EFZERT
LRI UL T, DR SEREE QP h A R 2 S RF . A A& 1 Hadoop 2 (1% Ha
B H T2 5> Hadoop B, FTLAZSERE rT DAUM a2 67 o

Flume agent

HDFS DR

& 2-9: Flume SR %A

KR 245 K

Flume H#E T3 REREAE X, 4 2-10 Bior, bban, HDFS Sink fE s Hit ) &t
FF X,

RAXBEIH S F o4

FIAAETA L, BATVATHE T HRZ& HARAFAZR Flume, {H& Flume % H TR0k %
B — AR5 M5 148, 40 Storm B Spark Streaming, %355 |42 RS AE B sE 4L (Real-
time Counts). % H (Windowing) 51 & (Summaries), #f Spark Streaming ifi &, H
T ESLHLT Flume B Avro $dEiRH 1, PrUABEBSOERRAR G SR, R, FA I ARRER—
A~ Flume Avro Sink $§[7] Spark Streaming [ Flume Stream B[ 7] ,
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HDFS
srIx1

2-10 : Flume DX 5244

3. X EX

{i F Flume $# %8 R 45 HDFS b, T2 ELLUT &G EPIRE (56 1 MELEA

FHE T A6 5 T 225 8RR ) .

o LRI
{8 H Flume RbEEFOERE, SCAR — /B F ILAvRE S, (HAE A& HDFS SRR B fEds
X, REME | AR, —BEUL, it Flume 3 W58 B i% & 77 /£ SequenceFile
(HDFS Sink FJERIMEZL) /1, s&1Eh Avro #HATIR 7. EF, BSCHHRTFA Avro I,
KRG LA v RE T BN TAERRALER . TR Bt — > rl AR BE A Y Avro
RA720. SequenceFile 5 Avro #RRETR LA R E4E, AR FI4 F M, Avro APt
WL, A ERES PR R A SO — 8o dE AT A7 %, tRESR BEE A L. Avro
NI A B L, AR B ASCHER HHELRE, Avro REFE LS AP IR IR AL PR

SIS &S EN
HIF 7 (40 RCFile, ORC . Parquet) HLA43i& F T Flume, 1% St 2CH0 46 8 A 5L,
B Flume —& AR, FRZAt EAEHR, XmtRAAR NI R TS ERE LK
o 751, Parquet T EEAESCMRERE A, FrlA— HHBLAEE, A0 Fhss 25
FExR,

Flume ¥ # /% 7)1 & (Flume Event Serializer) $—/~ Flume -5t A 5 — Mg X5 H
H, FrLAfelEd 25 A FRKRAIF M, Flume HDFS Sink %+ 30 AS#% . F SequenceFiles
¥, BTLART UL B 30 A ¥ 8 SequenceFiles ¥ 2CAYE 5 A HDFS, FA17E /i Ml
FRE, RE Avro &SRR, SRIEFGLCHLI B v RETT 2 —LE %0 MY TR, HE,
Avro [ 7511k % 7T Fi T HDFS Sink, {HA& G Avro $c8RER (i AR, e
BRI AR A, At el D% B P A A2 #75K S EventSerializer
B0, a0 B E B, FEACHEREE 2 TR O, i B A R S k%
{1 Flume ZH-AHE, FrUAGIEE B E L FER P FIfL e & —Fhi WSS . R, PEh
A T e s, ARS8 B R B e S P AL BT, SR BB IRy
B Zhr, bF52h@ it —4 Channel 55—/ Sink,

4. HFERAR
PATF {1 Flume #Y— 238 WU Bz B (S5
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Flume % 4% % Flume 5485 24 2% & Flume i /K 809 P 45356 5 . Flume BB 2 4cdE (L

/il

» M\ Avro $(3EUR) Hi A Flume, sccdafa 2 248 (Eban IMS B8R ) 1If7 &,

L E Flume BRIRM TR 2 EM LR H 2, Xt Flume REREI R EPERERISCBER K.

AL 2 K]

Flume it A 00 50w GE PR AR AR KA SZIA . DA Avro BARIE A B, H ¥t
&% F] Aveo BRI, WilE LM% F, B BEFEA Channel, 1fiH. Avro 5 5l i
— I E TR B R X BRI AR (A R, (HE IR AE IR S5 % R i AR
KIIZNs anfE 2-11 FioR, JLZRRE iR AR S B8 A S R b s, b, il —fit
PRAELE 12 ZRPIAEIR . BUAE, anREEME— B A, et R/ A 1, N
TR A 3.33 /NEE s AnSRAHEALFE /N A 1000, TERTE A 12 76, Kk, ALE Flume
IR Z % B A G UL B RN, XA RRAR A kR . B eI RN E A
1000, —&k 1000 4~2F4t:, m)EtRiERe e bR ah b L TR,

LA

Tms Tms

Avro% Pl ms Avrof g

\ 4

Tms

L

2-11: FRX Flume 1£EE6I00

ZALH

PR Flume BHaIE (8 LRI 575, RERSE T P o R L bR A B S BB IR 2 2608 . —
PR, ZefEik%, MK CPU By RS, Flume i, AEIEIRFLRMLA
FiAsTE, Ebfn, Avro BHElE R —Fh Netty AR5 *, 1 HL7E R — kAl o H Pl DA% 214
BHRIR, BT R 1 A 3 0o % P e P AR, mRRERE Avro $RIR £ AR ML,
IMS BARIEWIATR], B —FhE sh B BRI BR IR, FrLA AR AR IR 0 2 40028, it
FEEAE Flume agent WL & T 2 H0ER

Flume Sink icfE, Sink FJfEH 2SI SR EA K% BRI E, /£ Flume agent 1 fid &
Flume Sink F527% [ELL T H 2,

Sink #%

— Sink HBEM —> Channel FHUHEAE, 1H2& 2% 4> Sink GEM [F]—4~ Channel HrHEL
Ketl, —/> Sink HAEERLRER FisfT, FTLLSAA Sink AR JRRYE, than, REEAEH:
Bk &2 RIBRE], (Ri&XT HDES, —/Nfést A RIZiE 2 30 MBps, 4l A R —
/~5 N\ HDFS [1J Sink, AB2 (i F1Z% Sink Frief 211k &M &4 30 MBps, fi# £/
Sink M [A]—> Channel FFyRECEHE, R geix — A8, W28 CPU £33 8 % Sink
ffd P R PRl . BRAREEREER /N, &0 HDFS AR i% 5 A3 .

{E 4: Netty 72 Java () —MRIHELE, B LR LR 5 50 — R85 a5 W2 S HI R PP TR o

50

| %2%E
ER#tX£R largelove(largelove@163.com) £= EEHRN



o HLAEIE K]

oHE, fERTEREEERES , SRR T M. thEict:, HTRIE
Channel 1E%3z17HJ Flume Sink, {22835 S H A ERIRE D, g ll, M
B RSB TR G S, M e LA A R Gidr 4 fsync, 4R Sink ZREL T
BOMEREAE, LA KRN RS KX R G a4 IT B, xBAA 4K
MifeBF s Sink FRICKHEEARIN S0 T & HlFeeRry WS, bean, FH5 A HDFS ZJ5 Flume
REBRER(S, (HRARBERRIN, ML MACBE MG, FmaSERS A, Hik, RE
B — R VR DR AL B RN, XA RE AR A e 5 8 7 R RBP4
1B, SRARTFRATIRIA FrUiAy, S In—/> TR b B P SR UARE B & il 10 o S AR ] F— 28,
A5 F/— T Z0,

Flume #2828 2 #a%& Flume AR A HIVA L, £EERHRAL TR RIWIIRE, BEAEIRIL
—AESE R, JFEX R B diEkE s . e, EREEY. —THE
SCHPEBES AR B B o SCARRY, i B 5 OIS A 2ok — 2B UG, ani A7t B 5 CPU
Mkt 2. icf, 1EATGR, $F bug SIAAP=IREERI B bk ar, B AT 4G A A I i
A H E S U R A,

Flume Memory Channel ZicRPEfRee EZHERZE, MHEIRE R A EZRE, B2k
4%+ Memory Channel, idff, *FT Memory Channel, ZnR—AYi s HHBLAEE, S8 45
il Channel /4 Java #CERBEEE R, ABL 8R40 T Memory Channel Bk A E 4., mH.,
REMS AT i I PR B 52 AT P RAM PR, FrCAE T Bl R E), Memory Channel £% 77
HRIRE S0t 2552 B R,

Flume File Channel #ngifii&, T File Channel {f 3 {5 AL Hb A7 fif TRESL 1, BrLA
File Channel bk Memory Channel 3 £ AffH . (HAE, {EAEZRAE, File Channel [JELE A]
VIAERR A S P RE 2 e i AR A

{EHEFE (S File Channel ZRTFF2ER, B T RERF S5 AREEL, File Channel HiRefs 30}
BTG R, XS A SR B T E B B8 fk & File Channel, ALk, {EBCE File
Channel R /] SEPERT, PIZFBE— X EEARAT A,

LLF 244 FHl File Channel f)—262% B R 2 53,

o WLLECE File Channel {f £ W64, fEARIMEEL 2 B2CHE AF M, XA B Tigs
MefE, WH, R4 A8 £ File Channel, B4 piiZ0E W READ H 5, FHHik
43/~ Channel X B AN [E AU 4L

o FHMIAGE RS (ANAS) RERIFEAR A SRR, (HESPIREERE, HmmA,

o [EHICEAS A S E 5% WAL — A2 B A A H AP 1R A E S R L S B A TR IE
8 37 1% 72 useDualCheckpoint 4 true 3k fid B i% H 3%, FA backupCheckpointDir % & %7
R E .

FoA T 1Z00: B AR 1T & A K FH I JDBC Channel, JDBC Channel BEU%15 25 12 7k A TR Gk
% IDBC R 2, anoe 2 BEHRE, X & AEELFIY Channel, {HE S ABIEE
IR, BT ERANE . HTFHRE S %8, —AHEFE(EH IDBC Channel, HA
FE oL R et AT S B sRoAR v s A )52 1% ] JDBC Channel,
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% 7F Channel BJijBH

FATELTHE T Memory Channel 55 File Channel 2 [A] 925 5014 B 193 S
O, (B BRI BT, [l —A> 484 v 75 22 W] 3 FH % Fl Channel, —Fi
LG, B E o . A—/Fe A Sink & X HDFS, LRl
Sink, {AE Sink KFHE{: k%% Storm B Spark Streaming Z 2RI RS, Ra
HATEAR G T FFAME Sink 24 T B BIH5 A M P #ESs {1 File Channel, {H
Xt THARG Sink Kit, FEFRWREEESHERKREH &, I, EAEH
AR, LAz g2, 1fil Memory Channel B B 47 . PERE B (2
HIFE R, BTl B2 Memory Channel,

Sizing Channel % Flume agent [, £27% 25 & 88 ik & 982> Channel, 803 An{Af i% &
Channel Z & RI[AIE, DL T A—LE0H AR SR,

5.

Memory Channel

fE—T5 5, ZERRE] Memory Channel 9%, AHUL, #—7 5 LA & Y Memory
Channel #%, %4> Channel ] YN TEER /D, {13, —4> Memory Channel REfL 2 £
AHAEIR, i BLAEWE 2 4 Sink JRECEAE . Sink 33 Bl # FUAR R PR IRIE,, S M,
PR 241k ¥4 Channel BRIV, FEEARRAKERM, BT A ERIZIEE
B % Memory Channel, &3t i 7k ek VTR 22 4 & A AHIE], 22 LB HIE B R
AL E

File Channel

24 File Channel R Xl B A — IR Gh#skt, WiZALE £/~ File Channel, LAFIH
W LRt . BEAR File Channel X HFpRFHMBEA L/ Ehas, £E&R —RAHL
-, ILEHZA File Channel AL HRMEREM S . B —l, E—MT1HE EREZS
A~ Channel )R FEAFAEAN R . 2R1fi, *FF Memory Channel, fii% Channel fif
WP 1% % JE— /1 ml BRI I NAF &, % T File Channel, 245R75%7% 8w FIRY G 23
[T

Channel X />

idH:, Channel £ZZAFIX, NEMFGEX, CHTEIRER R 2 5% 2] Sink 2 /i fF
ik 5, WERY, ZHFEX—ELRB K, X4 Sink A FEM Channel HrHLHEL B 4L &
KK, AR Channel ;53 TR kA&, B2k R ATRETRZE £ 11 Sink, & FHE
Wit LTS A, AR Sink iR ARk, B4 Channel A 828 KA
SEH 458, b b, %58 KA Channel K Al RERE A BLAom, bodn, B8
Memory Channel fF-7ESLIK I, Z5 RS FHAEA agent [ AT 5,

ELLFlumestiai

Flume GRZBLE Tk, BIAEEKRZL, UGG T RES B, (B, ZFLFEfE
R AL WP, BAAET Flume (K S B T Fl o 2 R0 5 1 B . % T Flume HYPERE
[, X AN T FREZ R LA R,
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o YEEAER
R BAR T AE M = — Ak E], A RENE Fiinfe S BB . Ak —HAAL &
TR, AR 225 o W25 SR S b PR RETE AN RUZNA . (i FH] 28 2R B B BOR LA B 5 A5 By
T,

o AR AetF

3 Tk PO 2% P ) A B A AE — i WP ek 2 7 52, AL A Flume HY
He g ARG I

o &AZHK
ffi F Flume B, Fo2ei 0w UAFIH £ 2B 32 M PERE. — L& Flume £ R 2 FF 2 2642,
FEHA—LLF0L T, ATLLEE AL E agent K3 INZ A HRIE

e Sink %%
HDFS 1 £/ 50241 % ., —4> HDFS Sink —&k R g5 A—/~#ik (spindle), ZnGHT
Bk, fEH %/ Sink B ABHERESHE B fE .

¢ Channel
45 i File Channel, NI 5% T g5 A WS PERE BRI, IR AT PR, — /> File
Channel /JLLE A ZAWEha%, HILA B THEEERE.

o3I E R
{#i f Memory Channel i}, #[REZ3 B BB BT [R)8T, 4= {E Channel H {17 fif it
B, X RGO AT eSS L

2.2.5 Kafka

Apache Kafka &—F & AT-1T A BRI M ARLE, REWHHH BRI AR M, W
JFHE(E Kafka BRATGEE, ST 5 F k2 180~ R ATHIH.E . Producer % AfiiH
&, 1Ml Consumer WHIFALBH B 1EADAMNARLE, Kafka EEREHIZTT, BAT AR
4 Broker,

Kafka e3> @A 9 K B &, {HESKAMBEHHM S, 40 XS F )T
HETHE, Rl—"FEHZA 50 X AESE o R Y2 4 Broker %1%, X PGB 17 F
AR S Era, FHEE TR LSt a s 5 a8, HEESXNEE T
HEF, BAHBEE S — MR ER R &, Kaftka HiHERTLLEL — MRS 8, o XL
B A% @2 Ak i€ . Producer REASARYE TH BT £ BOE RN B IZ 5 AW — 140 X,
REMS A b AR 55X, LEH B M (R &4 X 2 [l

Consumer 23 E Consumer 2 FF{F M, EAHEHE— /£ 4~ Consumer, %/~ Consumer i%
WA ATl X, B A R FIR S —A Consumer, [HZ&, 41RZAH
THE T R—AE-, BB HERE AR AEE, — M HFPRE £ 4 Consumer £ Bl
TaRENE M (WL H S T84 Consumer AbFREE HIUEH&) Seal e (nf—
/> Consumer HELEFR, BRI o XA 5 B 2 b HoAh, Consumer)
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R LA, T HEmeEdns 2, FEAAEFB, —4 Consumer 8¢ Consumer
PAFEBOLIT 0 E A s, Bt an i —A R R i — A e 15, B2k bzl
IZEE T S MBI BAE R AR S, aR 2 A5 B S RIREbE, b
2 Bz EANTAAE R — A

Ak, A XRIFATACE R BRI, A0 KRR — Ak 55 &%, R —AFu
ATLAS 4y CEFIRIFE R . 54h, 44 XIS Bk % difF — 4 i —4 Consumer B,
P AR AT LAt 5 Consumer 5ok M4 pnise ik &, (L SE 1R vl 4 RO B0
SRR BRI, FRATEEICEEA T A oy AR R D SRR R 55 SR B A %,
HUJR VR KR g, Sibe b, BA BB TUEE LA K, X BIFAFELE
frr e .

Kafka f£fi 7 Wisehc B IEE AN GEEDJLESILAA) BIFrAHE, X T4
Consumer {ZHIE B ARE 55— KHLBM MW R, Bk, BT DONGUL— K IERT
FmIths, EHNRREG S X, #HimNERPRE . AP DCRHH R G R3], KI5 E
BEEUE B R bug DARAbREIRE, “BI” FeRSdRw A M. R 2 AE i — Bt
FINPIFTATEE, AERERCTRAE Consumer FNHEAIHAIN, IB4 Kafka BEGSYJEE] 10000
%A~ Consumer, HFEIARREN R (40 MapReduce 11:55), S 2EEFH BT E
ST, WAECRFFEEIVIER ., £40915 B Broker MIFREZH FIORIAH B, W FEELAE
WAF AT R B ZBEER., AR PSS iRt s m H 5ot
8%, MEFHOH:, (EMERE ™ EIFIK.,

LA 24 Kafka F8 WL

*  Kafka REBUR R AR UL SE(5 B Broker 8015 BRI, M T4 8k .

o Kafka 55 T msiG b, A S dili (website clickstream), FEd (metrics) DA
H& (logging).

o Kafka 5 HI TR, & wl CARIR FVEE B ry sk i fnimss B A s (BdRittt:
FAEHEIC R Mt R GIREUEE R ) . 3 7 TS VRS,

1. KafkaXt B {8 RS2 ¥

A T4y XA RE B HilE] £ /4~ Broker, #EMigkiFiELIRIARS, i H7E Broker HBLEE RN
SEEREAR, TN X, —AE G KR E A leader, AR il 5 X 1% EH

follower, leader 5& BT A HYIR BHR1E, follower {EAMREEA G (EH : 40k leader HIELE IR,

I 2o MG Ath [] 25 ) 2 il 40 DX A e B8 — AN VE A8 Teader, 2R —A> follower FYA Hil45: 1

5 leader 158 il EFEPRI AR KA, I 4mE AT LLIN A iZ follower 5 leader [F]20

BANEAER, Producer AT LGELELEFTA I 20 AR B 5 ARIERIBRIATHE., S &R
il leader [ i, B MA RN ZEHHING S, Producer 25 MITRIATN BAE 2, FhARBELRIFA/E
HBLERE A E LB AR, (B2, R B ERE, WS
BikD, SRAFIE M Bkl . EERE AR E R P R il BRI /N R ——An R AIK
TAZBREE, FRATA FDE Sl XE R AT B S AR, X Rpoy et T
BOMORIE, FAEBASHEIML A S A1 Broker, iXFHEHL 42 Broker L E
%, BAETTRESER,
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B

EE, MK EHEEEZE. BWRITIANEE Z e IR, FF4 Producer LA A {H
BT 4B A Broker, Producer 5 B EA T HEE ARG HEHLLHE, SEEEE
B IS Bkt

IR, P A REIREGR 4974 & (committed message), HatE S ARTA & fil5) X
A . XFEI A BILOEIMEER S E Broker HEUEF IR G TH S 8 o

Kafka fRIIE Producer % 3% F4fE 185 XA ATHE, #SBRERFEAS K, A
BEINH B S REEIFHES . R ARSI T NRE LK, B4 N-1 475581
— MRS 5 R IR E %,

IR H FRIBCE, Kafka RERS Rk, £ 5 —k 56 HRA - REVEHITE L.

o R Consumer FEACHSEH B Z F A ML ai I mE = (BRINEE), L2 —1
Consumer W RESSfERR AL 2 )5, s & Zar B iR, X HE—3k, —AV#THY
Consumer $f Bl — R 2 &AL G EHIRIUEE, HEZ ) 2am a2 —k, Hi
ATREHILE A .

o ik Consumer SEHINmE &, FALEEIHE, A4 Consumer °IRES RIS RS & 2 )5 .
REHR A 2 AT AR . X FME LT, B Consumer B BT AU RS & b issicte, Bkt
B2 1 i B H R B AR AY Consumer ACER AUIHE. 15 B & 5 Ak —ok, (HEW
ReS B REHA.

o Consumer i F—/> BT Be i 25 55 SR ORUE AL ER AL B8 Fride A2 =Rl A, A5 B4
R —ok, WEBT BRI SPERBIREAR K, ATLAB AR AE AL BE 2 7YY Consumer H11fi AN
M EACHEEHE . Camus A& —/Fifi 5K 2 1-HE M Hadoop Consumer, % THH R
—IRALBRE L——f1d Mapper [A]I R 4HE 5 (A5 %5 A HDFS Hi, Znk Mapper HZ],
iR, AR,

[l il Kafka 7 7] % (High Availability, HA) fRIE, 10752 m—m, BIRTEL
TE2 A BdE OfE R Kafka, X Fp 2 75 206 — AN SEREMER 5 — A JERERY Consumer, 1E/&
EAH B LI CRUE T A Consumer B °T HIH: .

2. KafkaE5Hadoop

Kafka J&—Fiil FRYME B Broker, H- AL THTKEdE S A Hadoop, H&:, H—LEHEA
FETWFN ARG, —F LD IO Katka FRSE BRI BURASOHE 77 % 2 HDFS w1, HT 5
LRALTR, Lban, BREEMIES BRI TESI, B P AT LA Kafka & AGSG r G, A0k 0T
WY 582, SN (dashboard) 3 St iE#E 2% (monitor) RTLAZREGXEE(E &, [F]
FEAEGiG S HDFS W, FEH TR &t 5.

75— A H AR R L AR AL B . Kafka D EEIE, 4 Spark Streaming 5 Storm f2
e AATREAERR (ERE 7).,

— N LA (A, AR B Kafka 8% Flume $ H 258088 805 b i BobE IR =% 22 3] Hadoop
o BR—BIAME R, XFEERRTHRR,

*  Flume /& —Fl 8 52 % ) Hadoop i R 875 ik, it T RAFHI R, ATLCHEIE S A
Hadoop H' (f34% HDFS. HBase 5 Solr), Flume &3 THE X EM, Fill Hadoop & B
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TARENS R & FN{E FH Flume, MJCT 45 MRS, #4554z S5 A HDFS B, Flume REAbHE
% H WL R, anel g, B SCHER/N, SO, EOEHREARE A R o X,

o Kafka & —F RS HMES S HEREN TREAR R, R TR A HE B L. &
BE RS H K ENIEAE Consumer, A4 Kafka 23R AR EADESE, (B2, xR
FU & A LAY Producer 5 Consumer, i A2 f# F & FAERIEIER 5 Sink,

LbEkE, Flume 5 Kafka [EPP& BN, Kafka $& BB A o 2 iy RiE ol fefath
ifi Flume $i (8 FH 5 72 58 i R 0 i I #2480 2 LA Sz Hadoop B2, TR Ik ] IR JH 79 254
RELT,

Flume f45—~ Kafka £{## i . Kafka Sink UL & Kafka Channel, X 2EREM%:1 251 M Kafka
%% % Flume Sink (%1 HDFS, HBase 5 Solr), B¢ M Flume $(#&J% (40 Log4j 5 Netcat)
Ki%F| Kafka, PREEFCUEM Kafka, @38 /] %E/Y Channel 158 Flume FIZHRE

Flume F¥ Kafka % 18 J§ /& — ' Kafka Consumer, fgf% M Kafka i BUECHE, 3 % % #
Flume Channel /1, % T3k, ¥l id Flumed 46 $M55 M4k 28 (% 4, BC B Ko I8 1R A 2,
HE% & £, Kafka {f 1Y ZooKeeper /IR 55 #% UL B Channel, % #8 I 72 1 ) 48 % 3% 3
Channel FUHEECIE IR/, 8 A /DIHLCEE &, R EAL,; ARG &, FH:
B, MHPECT CPU RIMEHE,

M Kafka i BCEAERE, Flume BRIAE F groupld flume, [7] [a]—/> groupld 1% 4~ Flume
$eHEiR, B> Flume agent #RFHR 2] — Mg 814, m ARG MEL &, F, mkH
AN IR LA DR, AR 2 SRR TR AL, BrLARE S 4ks R (S B, Flume 1Y
Kafka ZHE)F & [ 5209, 04GR, Channel, Sink 83 agent HIEEIR, iEIHASEK,
Flume fJ Kafka Sink /& — > Kafka i Producer, £%¥%(#% M Flume Channel % i% | Kafka,
fic & Kafka Sink 75 %% & F @ L) & Kafka Broker {7l ¥, 5 Kafka Source 2810, iM%
Kafka Sink FUHEACER K/ INAT DA i i i sl AR AE R

Flume ¥ Kafka Channel & 3 T Producer /1 Consumer, >4 Flume %% #% 5 Bt 15 & & 1% |
Kafka Channel [}, iX$BZE{:4 % 2% 3 Kafka EH, B HACPIEEA S KB B AR
Kafka 57 [X., FFULE ABAERHA ] 13 P, 4 Kafka Sink M Channel H it BV, 2
1 H Kafka #4748, Kafka Channel & & 8 r] 521, MR S5 o5 thBLES IR, 2L Kafka
Channel 55—/~ & [E#i1Y Kafka i 55 & —#EH, MBBRIEAERER, HEASE]
IR,

AR AR X A E ., AL HEUR RS IR ma i B S A ARSI AR g, a0
Parquet, 41 2F ZE M Kafka o 1t 5 2% S 88, A4k %7 £ FH Camus (http:/github.com/
linkedin/camus) , X A&—FRSL A BCEER IR H , REASREE N Kafka HiRAEF] HDFS
. Camus {F FIRSARAR RIE, M HARX R VLA 5 4Ed . Camus [I4F 5 AT LA ZooKeeper
MR H B Kafka 0, BB A Avio 5 Avro BEZUEHE, IR Ao X, EESIE
BB, Camus $& £ @YK 5 4a0HE BV ID, #Em$EH ZooKeeper H AL, X5
4 Map tE 55 I EE S e B4 Map fE55 B Kafka HhF2HUE B, 5% MR RV ECRH (5 85
A HDFS B, Y4{E5% kIhakkibl, Camus Map f£45 RAEEHE BB R &M E ,
b, X BLRTEAEEFH Hadoop HUHEMT AT, WiAEIERHE B EAE S5 A HDFS IR,
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B 2-12 A& — A HERHER, ReRSBh/REEMR Camus FUIAT 2,

B
=

Ry
71 Avrosc

HDFS
®

Avro3 4

4

| ZooKeeperl 4)@<

B 2-12; Camus HTHIERBD

Pl EAAELA T L

o A: EEPDEN M ZooKeeper HHEIX Broker URL L& £i815 .,

B: B PENF S 2R E B R A A4 2] HDFS H, DAMIAESS 5,

C: SRR EPRMIRAMLE R,

D: {F45M Kafka H 8=},

E: E55 #5455 A HDFS F il &, F i B 2 SRS &8 i SCECHR A7 i i
X, X HEARRE Avro SCiFAER,
F
G
H
I:

N

A
=

o MRS IFAATEEERT, REEoE IR O B ALFS B i 2 A B
. (RS ARG Zh 15 B A T8

 VEATE PR B, BT HESS T
TEATHBIFT B, R AR IRIE Kafka,

MR EMEH Camus, PRATFEF B A O %5 BI04, B Katka {5 B34 Avro, X5
Flume HDFSEventSink H1AY)5%1{t s AH[E] ,

2.3 HFESH

ABE ERORTERAR AT S A Hadoop, fE Hadoop L itit iz, XBRNAEH KA E L
IRl 242K, H54da 5t Hadoop AR S, ifi HAHE A Hadoop I 2&7% &R H i
AT, LA Hadoop S 1) —L8% Wik 5% EH .

o 348 Hadoop ¥ £] RDBMS K% & &
— /> WL A 2 i Hadoop 1% i 1 %548 SR 42 25008 & p—— e iE e,
Hadoop #4171 ETL, KEHIGH T, Ehrgdmal vl LAEH Sqoop SRAEZ BrEdEEF.
B2, AnRAESE Sqoop, HLWTLASEs SC 11 #ith N Hadoop HHE R K, AR5 (6 FH 4
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T R T HOREE i Sqoop b i RE el R s FEf i 288 . Lid
i WIS FR 5 s, 00 oz 12 G S B 8% e B k. /£ Hadoop H % 5 & BRI B 7% s (e 1%
GIER R R TREH AR S, 44 8 CEAR S AT A E, —EBINESE R
RGNENE L. 59, 24 Hadoop & J& BRI HyR#h T 5E G050 S 1 A2 48 2 Hliy
W EIENE, FAS A B 22 A X S Ge B s e #£ 2) Hadoop 1, AN 44
FEtE M Hadoop 31,

§ b BB INIRAL 5 AT

5 E—iAHME, Hadoop /&R AR TH, BEOSACHEFIIT S8R, RIEREdRm A
ANEB 3 T Z2 GE AN oL T v, X B O 85 A (o PH O PR SO 1% A, Bk i hadoop fs
-get 4 B ALY HDFS 751,

£t Hadoop & #£ 9] 4% 3 4k 3%

{t Hadoop fE 1 2 IRl B A2 54 & AR Wi, (lanh TRk & /e 2 ARk 2 2 5)
Hlg, XFEOLT, ATLAE H DistCp 24 Hadoop B1H 2 Al 9 BciE 1% i 2 (1 fa] S A7 280y
J5#;. DistCp fif F| MapReduce k017K 858 0 H A7 ML . BoPiiR sid B ARr &
A4 HDFS S ZR Gk, WaT LA A DistCp. Z841F, FEdRER I = 250 [ tuan
Amazon [J Simple Storage System (S3) ] st —/MEAbF WHTFER,

4 N

UL, P A ORI L 0 T BT LR Bt i A sifi ) Hadoop, HAZ bR AT YFEIR, 40
RAFAIZ I8 H CRITER, ABABIEBI T IF AR, Hrh—E % BRI FET,

HHRIR 250 (NIZZRZ0R B0 R 423 Hadoop ) 838 BArZR St (M Hadoop HhH B
PEEIHEA)

PSS % i€ iDL S
RIS A BRI Y
BRI TS 2

B AT T H R PE SERAIA R B GRS E R, IRk rT LA T AT e 424
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B3T

Hadoop2iiE4h 32

RV E T BLHE T Hadoop S g 45 75 1 75 22 7% R T, LA K AnfalfE Hadoop 5
AR HEAR ., 5048 5 A Hadoop, SEMEIREM 2 G, FA1H KA RREVS U5 [ AR Hix
ek, AREATRDE Hadoop b B HIE AL HEHEZE,

F1 Hadoop MY At [ —4%, FEBHEACEE E, FRMFTFEL 7T DUEBIAESL, ARG
FEfE MR, TX ek, IATAREE A anfa Pk Sed ARSI T H, Aatix
SEWTFREEIR 2, AFEN R B IR T B SR br g s i E e,
AL T BT EPATOIEE, k£ Hadoop BE8E b H B HUTEARALFT S HIHESE ,
X ALHE BT MapReduce #EZE, LIROHT—REABHTE 128, 40 Spark,

Bk, NS EEE—BEHS T H, 4 Hive. Pig. Crunch fl Cascading, #HLLE AL
— EWIHEZE (40 MapReduce) Mg, X6 T HAYKH BErafe it s 5 Hishg 0,

ot Fa— AR EAE S, FATASIRBILL T ILAS 5T -

o HEZEMEA

o HEZEE R

o AEZLE A iR

o RTIZMEZRPE L HIRN B

Wi REARE, (RATLA TR LR B RO EEMESS, (HTCEA BN . AT B AR Lk T
VLA A i s B A Em TR, B THRE 2407, RIS IRIEATTE R L

BNy EP ST
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FHEZRM

FE T R ERESE 200, IREE S BOX AR AL R A B R TR S
AT, B R RS, TR RS TR
RFEA ML T MR A, R S A TR LA, oAkt
TR A BT IR R B R R B, AnNAT . WAZEAN CPU %6, Hadoop fALEE
HEZE{d HIRIAE 23 A AR HDFS 72, A S s e fi, b i s c
Ll ERXRERT, G- RSB — N RER £, AR
LU REE. T A R AP SRk, ROATEIL SRR, LA
HUMARIY S REASY 0 RS BTIR, JEAA SO RRIRTES . X LEHEL
B i R ORES- 0L S N K 91 v A o o 2 U e L S e
KA, ROREBPCERIRE . AR AR, LIRS, /ME
ZUEANY LA LA, (BA— AR BITEGEN T3 A %
THEI

3.1 MapReduce

MapReduce #5754, R HIAE Google 23 7] Jeffrey Dean F1 Sanjay Ghemawat 183 “MapReduce:
Simplified Data Processing on Large Clusters” (http://static.googleusercontent.com/media/
research.google.com/en/us/archive/mapreduce-osdiO4.pdf) 1, X &SR T —FH Ti&
KR AL RN A B G AR Y S LS, IR GR R B AR i T — AT A B R B e L
KIS W TH LI R o ARIFE R BN & SRR GRS, SRR Y o =
ZERHR AL T — P R R R G I 55N, R A AR SR S e I T A LA

3.1.1  MapReducetfffit

MapReduce Fife 752 R BB R 70 B 1SR AR B : Map i BE 5 Reduce BB, 3
AN B F i A 3 A B E

Map [ BExt Bz 2B R 4 Mapper, Mapper /& (JVM _Ligf71) Java #ER2, @ £ ZALHE
HIEAE T ER T A R R . FIFBERI A M & MapReduce ) — AR E S EEA T, X
FTRESEE NS, FHCERERE o Bl B0 S EARR T Al b, bl 2 & 48 m s i £ .
£ Mapper HEATHIRCHEAL TR R, A AT, SR DE. XY Mapper AbHR SE A A KR
25, ST BB (Sort & Shuffle) F=iEH#EHE X,

{E Sort & Shuffle BT Et, B SHETFF X, ARESIEGEIEMITBHLNE ., o XG0
A B IE S5l 1 2% & 1% 25 Reducer FTE[ JVM, Reducer £33t HUiX Sbdg B it 4740 X
WA 75 . Reducer EFiX 2Lz, reduce® b ¥k vl LA L8R T & R RIE T . Aat,
Reducer ifi '# &5 5 &8> Bl , 804 %% A% HDFS 5 HBase IIFF-figH .

BESRUL, IVM AR, —RERUCFEdE, ROl KA FEE. RIOHES
Yhik MapReduce AR N ZE, B 3-1 BoRAZIRAINIA R T N2 .

A

60 | #®3E
ER#tX£R largelove(largelove@163.com) £= EEHRN



Sort & Shufflel

(D, 42)

|
g%;{g‘)) MAPPER N \ A=> (NCC-1701) _-
C=> (Fish) -REDUCE
% D=>(42,7)
D,7)

(F, Bar) MAPPER

(A, NCC-1701)

]

(E3)

(G, Fish) MAPPER

(B,102)

B=> (101, 102)
E=>(3) REDUCE
F=> (Foo, Bar)

— [

At S f:

3-1. MapReduce B Sort & Shuffle

T i A28 MapReduce 40P ) LRI 5

Mapper L)L# (&t T 2 A B A B0 diE, IF HLAg ik A ReAb s — /> A 4, Mapper B4k
& AR & N FE ),

Mapper {5 i {5 F 15 2 fi 1% 3% 45 Reducer, {H & R BE K B 54 %k 245 H: ftb 19 Mapper,
Reducer [RIFEANRE S H MY Reducer @ fE,

Mapper I Reducer il N K Z BINAE, — S8 IVM WOHER /NS B AR/
HIMAE.,

BRI B AL, (2 — Bk, 4 Reducer # & A B IS PRI . FEERIA
BT, X2 —3CrEAa%, araERELLT part-r-00000, part-r-00001 25, f7£ .4
HDFS BT,

Mapper & Reducer [yt ¥ 4s 5 ARGAL, A2 Reducer fy tH &SRB THAIP AL EL, T
2N BRI S B ARG, PRIl . X FESCHARIER # A/ (synchronization
barrier) , iX 2 {# H] MapReduce % a8 HE A0 B LA IR = 2R A

TEE AR I MapReduce (IR B 41T 2 8, B A2 AFEEERE: MapReduce £ i k59
H, EeAdHTFERED, K2R3 RKE, BIf# MapReduce 1t £ )L 4 #BA
e, RIEDBEEAME 10~30 £, 36 JE MapReduce 215 5 AR, LAZHE, AZIT
S48 Spark, TR 14 R ILXEERERL VO H AR LEN, A 3-2 Fiork, fE—RAsdn erm
i, MapReduce FUREST T % e HOE L 5 5 AR
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Mappers Reducer
S
[z
HEIAADES | Bk \ / ?ﬁﬁu”jjtﬁﬁl
\/
I é}lzq},:lﬁ’lﬁ Reducerfty
, - A I Hs E]:8 g
S | it )| ket | b

& 3-2; MapReduce 1/0

MapReduce {J—/~58 K ZAET, BAAGE H Map i1 Reduce L5549 kY, 1B B350 F
TAERIZ AN, B TEARFF RN G &, Bk, 247 784 FIH MapReduce AL
PREE S, T #% MapReduce MBS ARG Al T & RE BB, T, RMASEARD Map i
BRI N, X — RS 1.

T MapReduce I TEART 28 (BAESFEILIEE), ARRETE TS %, SR HT
PHFEAHE . (Hadoop BURFETFEY (Hadoop M 3LERY) LK {MapReduce %700,

1. MapPfrEz

Bk, FROISEAT A MapReduce 55 1E Map [y BE i e 10 3= 240 1,

InputFormat MapReduce {£:55 iz InputFormat 2&ijjln] gt . X /ANRSLHL 7 A EH LRI ik,

e getSplits()
1% B LB 2 K i A 5 A B 2 4> Map JERE R B AR 2 58, F & H 1 InputFormat &
TextInputFormat, ‘B4 A NEIEIAR —AMAD R, FRt RS i & k%
25 Map 1155, HEZRSEI RN~ 40 B JB 8 — A Mapper $hATAbHL, IEFZntk, FF& N R
5 & MapReduce f£:55H1, Mapper FJA™ 4l & b ER A SE U Bdin e/~ 44

X— G ERE T Map SR 4, LA Map 3EFEPUTIH BT 5, A1k, MapReduce
BB R N RATLAE Bix— ik, MmArSEisBe Bl sk m e 2 nistl, 2601,
HBase 1GAH ) NMapInputFormat st /U7 FH 1 B 1% B AT 155119 Mapper /%%,
e getReader()
X—J5¥: 00 Map 154241t T Reader AL, WY T Map U5 FRCEEHRAVEE 1. KIATT
BENRAFLAEEX—7, Ll MapReduce REMS X HHEEAPEHRA., REREWILAE—A4
P A BVEHR L Writable 457, 5 AT LA(E Fl MapReduce fEZRANBRIZISHHE .
RecordReader RecordReader ZSiREREIRILIINE, FFRH#(E X1 1d %K 2] 2] Map £:55,
K% K1) RecordReader STELALRAR A fEi 4. #04ATL RecordReader S, i FHAY & 5 25
BB IE SCPE R ISR Or s, Ui - 7E HDFS Ay URI #iht, ShEFX —Ldafr &
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2ZJa, BRI nextkeyvalue() HEEERAERR T — 7o kafF, HIEET —4&idak, X
RS E 3-3,

Reducer 1{T:45 -k fii/Reducer 1T 4AISARIENI (L B -
2 K I KI5 I N I 0 N
Reducer 235z i | Reducer 1{% 11i#f, Reducer 2TFARISARIERI (] & -
T G ] |-
Reducer 354k (i [Reducer 26 -, Reducer 37Fkais Mot ] Reducer 35 1L ERy LB - 3}
23 (3 I 3 A KA KA KA

3-3: MapReduce @f9 RecordReader

MapReduce EZE LA F X A~ A2 2% 2 40 B H A 351 H A2 4L T 1VF 2 SCI4% 3K RecordReader 5
B, WAEW o RAF4iSCA ., SequenceFile, Avro, Parquet, #:ZiBH A BRI 4R
Y RecordReader P (B X 5 3 45 Mapper Ji5, NMapInputFormat ji% [] 12 NullWritable,
AR B B CRIUE map() BB BT —IK,

Mapper #j setup() 7F Map L5519 map J5 7% 1M H 2 A7, Mapper [ setup() k& oe#iifH
— o E—F A LMEIF & N BLR4EE Map JEFE A 25 FH 29728 S Fn S g4l . setup() B
i PR VE FH 2 MAEC 5% 52 PR 3R B e B T 1L

Hadoop ' B BT 41 (- # vl LA ik Configuration X RACE, %A R A& —Lef{Ext, &
TEAL 55 th AT I 1% 33 45 Map 1 Reduce JVM, iZ % 5 {258 7T L2 L job.xml, BRIA L
T, Configuration X% 3 & H EREIEA IVM I AT i T 091 8., 40 NameNode [
URI ik, LRSS HIdERE (2n: Hadoop 7E MapReduce v1 FUHEZR iafT, iZiERE
JobTracker; #H#: MapReduce f£ YARN 2 _Fizfr, iZi#t#224 Application Manager) ,

FEBCE P BE, Map Al Reduce {55 H-4A A7 2 i, "I LA Configuration Xt 4 v ifs s i

Ml L HAIAT Z )5, Mapper Fil Reducer ®] L} iJj[A] Configuration X4, LAZREUX
Suff, DA A& setup() kMR BRG], ‘B3KEL I Configuration FRI(E, LUETEK I

< EL
ﬂixri:

public String foobar;
public finmal String FOO_BAR_CONF = "custom.foo.bar.conf";

@override

public void setup(Context context) throws IOException {
foobar = context.getConfiguration().get(FOO_BAR_CONF);

}

&, A Configuration X4 Fh(1E, ¥JW]{E JobTracker (MapReduce v1) % Application
Manager (YARN) Hiie, —Rekifk, “FHEESE WA E, H el etk
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gl AR, B, FOIAERIBEEHEERGE R (%) %363 Configuration
S, — AN A 558 B0 S /E HDFS /) URT b3k, X FEsk rl LAHA A& 1)
Vil A PRz il AT MapReduce Y FH P04 A 2RSS, Map #i1 Reduce ££:55 H 885k 7T
VISR SO R 1A R 256

Mapper #9 map() Mapper Uik map() . BUMEATGEHI, EHE:MEH Map (55 HhArvEL
IR, RUPARTFZESLI /> map() F5#k. LG EMAE “MiA: # (key), 1 (value)
B EF3 (context), i, key Fll value #Ja[LLifi ik RecordReader $K1%, ‘Bf 12 map()
Ji A B BRI R . context X ) Mapper SE Z AT oMY S BRI T FE: R Kk
Reducer, M\ Configuration X4 fhistluf, TH4#F B IELALH Map HE553E R,

24 Map 1555 B8, 2¢ i Reducer SCBRRT, fa VBB S o8 G A0HERF . MapReduce
BN T HET, NAF R/ Lo.sort.mb ARCE S EUfE . A NAFHr i ZE ob
D/, A R AR TC A A R E A T HE PR . i, %5odiE 253 Map (155 BIrE 1 a1
MIA MRS b, fERGZE BHER .

Partitioner Partitioner SZE| | 1F Reducer 7[RI 3E1 TR 0 X HIZ R, BLIAHY Partitioner
AL PRI ARSI REE, A (R ARIEIIVE A RS, BRUA Reducer %, RELMIPE X 4500 % 1Y
H b Reducer, XAl LACRIEEHE E Reducer Z i@ F¥ 5y ARy, #Emfifk Reducer REAELIE
ARG R R, i BAE LT R — BRI A T4 o], Ak, 4nli Reducer ALFH el R 5 2408
IERFE M E— R, AAPRTEERESERINME, B4~ A Y Partitioner,

TR E TR RE DL, RIRA A RFS, ELAanB R TR E R, IRATREA R
kA Reducer ACBRHRENR ERIFTAZE S, FHH M2 Sy IR RUBUTHEF, DL T et S it
IR, XA RT, ATUEERERI SRR A (ticker-time) 52 XA key, fif
FHERIARY Partitioner jk oAl — MR BRI £ SRl KX B AR Reducer, FRLABLI B
ZELI—A~ & L Partitioner, DURA R A% BB SIS CAGE IR P8 %% idE4T
srIX., BEfi k%4 Reducer,

NI Partitioner SEHELHYH] HL R

public static class CustomPartitioner extends Partitioner<Text, Text> {
@Override
public int getPartition(Text key, Text value, int numPartitions) {
String ticker = key.toString().substring(5);
return ticker.hashCode() % numPartitions;

}
}

FATATEAM key AR IO ZEARAD, FRARMEIIE (MR key) MEFIITE ST X,

Mapper #9 cleanup() cleanup() H{E7E map() AL TErA MY Z e R . X Bl %
PAT SIS EEE, DB RS, thanl s REB A HEF,

Combiner MapReduce H[1J Combiner A LASE 4t —FiE B /5%, 2D Mapper 5 Reducer i)
B L, LR — T RIRg S dE] 1, X/, Mapper AbPRAGE—1THY
BN, FEUR AR, AREER BN EERIN L 7 (GoRYurivits),
2V
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the =>
cat =>
and =>
the =>
hat =>

AR LT combine() Fik, RukATLAKT Mapper = AEIE TR ABIET . X —HIESTE
Mapper PATHITT S _EAT, FTLAXRRR A A7 000 T 2 failad 2% %k % 25 Reducer H%iHH .
Reducer {34475 BB AS[R] Mapper EE B A F] 2, AidiX s S Bmb. A2
% EER, T Combiner & & & HATH], Tl TCkdEHIR. Kk, Combiner H%H
Rz 24 55 Mapper [k H AR ACHEIE, RIATCIEMB—FffaitH, Reducer #R& X HLACEE, B,
£ Mapper 2 7Y, B ATLMERE Combiner B A HLAEH /Y,

LEFAIFI TR, Combiner [ H 4N,

and => 1
cat => 1
hat => 1
the => 2

Bl R R

2. Reducer
Reduce fE5550H Map (ESIBAE I, Ak f L REFEBIALL.

Shuffle £ Reduce By Bt IE X FF 45 2 B, Reduce ff: 55 25 Mapper [ #i t A Map 7 i & fill
F| Reduce i i, 4 —> Reducer #BF5ZEM £ 4> Mapper T &40, PrlAFRAMZE LB —4
Reducer 4 it Map 1155 19 57 sNIRIUA M RO ALHE . 28 PR 2% B B0t & il A vl sy, Rk
SETEN B B 2% AT DA &4 A BEPERE . SX 2 Combiner R ] AV 2R A, 72
T I Kk 2 2w, JEA Mapper [1I45 R AT LA 25 Hh inidix — B ER

Reducer #9 setup() Reducer [ setup() & & 5 map [y setup() JE # #H UL, X — J5 L £
Reducer JFARRCHR BAANC R Z AP AT, 38 5 H SR W 4a A8 soFnse kAot

Reducer #j reduce() 5 Mapper [ map() EAECAHLL, reduce() J5imk & Reducer Hf7T40 K%
BB BRI TS . SRTIAES A TSI, Reducer {19 reduce() A 40 F LA~ BH B AIATR 4,

o key 2HITH,

o ZHON—/ value K T £A4~ values (—RACHE—/MEA AL ME) o FF—A4
key KiJf, BIASEE XA key MW HIFTAE, RVFRILHTERIERR A, WALl
APE YR key T ATH. A —AIAEWHEZE, B —A> key RHX BIEA S 4 BH £
A~ Reducer |, XBHH I, AidIFE N R SE A KMIEA Reducer b H:fth HE R
TR, R VE, X A& 4 5 H At Reducer #LL, A~ key [1) Reducer B A
2T ZHMETR I, X Fh 4 X G EHR RS 5 R MERE R A & W R R . 4%
[ MapReduce FF & N B fEPRIESRE A &5 R IEI RN, S A KRG DR s 5 X
JG/E Reducer |- ¥jfff,

o fEmap() F ik, A context.write(K, V) J5 ikl LLFfar th i A & A7 X, 2847 X
R A JE s i HE)Y . SR 9k Reducer 1 HX, 1F reduce() J5 ik, A H context.
write(Km, V) Z5Kefirt & %4, outputFileFormat, FY/ETAI1&THEEH .
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Reducer # cleanup() 5 Mapper [ cleanup() J5#:2(L). Reducer [ cleanup() HE:{ET G
e e e 2 R A SRR, EX B AR, HIREBARE,

OutputFormat InputFormat AbFHFN A SR AYIZEL, 1] OutputFormat 5 401G A& R AL S
N EAE Gl 25 AF] HDFS), 54 AL, @ hilfeayi s XAt b —tk, =
SR E T IF & N SUMECAE fl A BE ,  BohH A KO R B st B R ge, AR E A A7
{Eo MNABIN—AFEERE, St B2 rTUARAEIERY, A LR EERIRE T DU SRR A
. BSA NEHERARREE, A ERYE, G —F A a0k ek
Bk, 1 EPHE T RZECHE WHEIER, FRUL T4 B iE .

OutputFormat 2k T {E5 InputFormat F5G AEl. B AR SCHERIE, InputFormat 254 H 4>
s LAsrBids 2> Map 1155, 44 Map (0B H A SCHERY— /14, 4T OutputFormat 2%
Kk, —A Reducer {5 —A~3¢ff, IL/E HDFS I, fRWTLLE F|—/> Reducer 3f Jif—
A ScHE . SCHESLAZT part-r-00000 B 5 2y &, SO A% 7 25BE % Reducer 1F:
S5 50 A B RS i 4

A IRAER, TEER: AR Reducer, JIf 4 Mapper 2514 ] OutputFormat,
XFMEIL T, i SC £ iy 424 part-m-0000N, r #EREL T m, X HAgdr &4l — e,
Ak, AR OutputFormat iy £ 10 )5 SN AT RESS ANl 24 (51K 13, Avro HY OutputFormat 2%
{# F part-m-00000.avro [y ZIER.,

3.1.2 MapReduce Rl

FEARTE/ 2B 17X B Hadoop ZHEAbEE J5 s HEL i, MapReduce FFE 4R 5D R £, 1 Tk
I FREERSFH LYK, WREEARTYHE MapReduce 19—, 12 TFEE 20 1T
kg, EXE, BOPkE —HEF RN RG] BRI IERE 3-4 R EERE.

Foo Bar
FoolD: Long BarlD: Long
FooVal: Int N\ Z] Barval: Int
FooBarlD:Long N

34 KERIRIIPHEIES

XA ER A R BAE LA T LA,

o it Foo HfY FooBarld 5 Bar 1f) Barld, % Foo J:HEF] Bar Hr,

o 1€ Foo, k% FooVal KT H 48 EMI{E (foovalueMaxFilter) HY4HRICT.

o HIERERTEAMFE, B FooVal 5 Barval (U f1 kK T B o — 41 F s E &2 5
(joinvalueMaxFilter) FU4EBICT.

o (4SS (counter) IREFFEIRAVICT.

MapReduce {155 1 # 75 250 O —/4> Job L, FFHATE. A TFaxt ARG RG],

public int run(String[] args) throws Exception {
String inputFoo = args[0];
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String inputBar = args[1];

String output = args[2];

String fooValueMaxFilter = args[3];

String joinValueMaxFilter = args[4];

int numberOfReducers = Integer.parselnt(args[5]);

Job job = Job.getInstance(); @

job.setJarByClass(JoinFilterExampleMRJob.class);
job.setJobName("JoinFilterExampleMRJob"); @

Configuration config = job.getConfiguration();
config.set(FOO_TABLE_CONF, inputFoo); @
config.set(BAR_TABLE_CONF, inputBar);
config.set(FOO_VAL_MAX_CONF, fooValueMaxFilter);
config.set(JOIN_VAL_MAX_CONF, joinValueMaxFilter);

job.setInputFormatClass(TextInputFormat.class);
TextInputFormat.addInputPath(job, new Path(inputFoo)); @
TextInputFormat.addInputPath(job, new Path(inputBar));
job.setOutputFormatClass(TextOutputFormat.class);
TextOutputFormat.setOutputPath(job, new Path(output));

job.setmapperClass(JoinFiltermapper.class); @
job.setReducerClass(JoinFilterReducer.class);
job.setPartitionerClass(JoinFilterPartitioner.class);
job.setOutputKeyClass(NullWritable.class);
job.setOutputValueClass(Text.class);
job.setMapOutputKeyClass(Text.class);
job.setMapOutputValueClass(Text.class);

job.setNumReduceTasks(numberOfReducers); @®

job.waitForCompletion(true); @
return 0;

}

PR AR HE 55 B B A AR,

Q X2 Job XM RAVKIE AL, BE AT MapReduce 1155 g iy 2#0E B,

O ESRX AR REIMER, (AUREBAFLA LSS fir #o IXAE AT CARIEFE 55 /5 H 55 Web SH1H 1
w5kE,

© Eandeniitieny, BEMESHE, TLAEIE /> Configuration X 42, ix Fuk vl LA/E
It 45 #J Map 11 Reduce 155 H Rl B RVE, /R B, T 1R T 10 % ok 08 A (8 s 2
Configuration 1, fESHATZIE, BATATLMEASHER T PR E S, A& i gl
F| Map 11 Reduce 1457,

O Ex BHEATR B AT T H %, XBERRA DA ZA, BT Do, el
AR, BRAEME THReERY OutputFormat, G H g2 —Bc A —A, HBiEH
3K, IXHEAEAS Reducer Fk R UAfEIX AN H o T G B A% H S,
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O REDHYX A BJ%"EEEE%**E@J%E’J% {4 Mapper, Reducer  Partitioner L%
InputFormat 1 OutputFormat, A5+ R 5235 E X Mapper, Reducer f[l Partitioner,
SRR BTN % A E’uf)urtﬁ% {EX, OutputFormat {f Ji] Text {4 {E R
AR, (] Nulliritable 7E74 key AOS A& 3, 1% IR A FRATT HO0F fic 2 Hn H A (/%
SR, key HIMEFF S 20E, A5 AF Reducer AYHH H R,

@ Mapper YK 1k InputFormat #24], MFA1RE 22 B4R E Reducer RYA 4L, 4RI E
Reducer IIANEH 0, IBLFRA Tk & 138 2 & Map W BEFIAE S . BRIARY Reducer M 4L{E
FESERE B E L, Ak —BE T, RN RASEHREXAE, FoAMbITEE B
AR 55 5% B BB e N 40 XA L

@ 55, BATF MapReduce (B2 50 2R 460, S afTIgi R (RTheid k).,
BTk, el mapper,

public class JoinFiltermapper extends
mapper<LongWritable, Text, Text, Text> {

boolean isFooBlock = false;
int fooValFilter;

public static final int FOO_ID_INX = 0;
public static final int FOO_VALUE_INX = 1;
public static final int FOO_BAR_ID_INX = 2;
public static final int BAR_ID_INX = 0;
public static final int BAR_VALUE_INX = 1;

Text newKey = new Text();
Text newValue = new Text();

@Override
public void setup(Context context) {

Configuration config = context.getConfiguration(); @
foovalFilter = config.getInt(JoinFilterExampleMRJob.FOO_VAL_MAX_CONF, -1);

String fooRootPath =
config.get(JoinFilterExampleMRJob.FOO_TABLE_CONF); @
FileSplit split = (FileSplit) context.getInputSplit();
if (split.getPath().toString().contains(fooRootPath)) {
isFooBlock = true;
}
}

@verride
public void map(LongWritable key, Text value, Context context)

throws IOException, InterruptedException {

String[] cells = StringUtils.split(value.toString(), "|");

if (isFooBlock) { ©
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int fooValue = Integer.parseInt(cells[FOO_VALUE_INX]);

if (fooValue <= fooValFilter) { @
newKey.set(cells[FOO_BAR_ID_INX] + "[|"
+ JoinFilterExampleMRJob.FOO_SORT_FLAG);
newValue.set(cells[FOO_ID_INX] + "|" + cells[FOO_VALUE_INX]);
context.write(newKey, newValue);

} else {
context.getCounter("Custom", "FooValueFiltered").increment(1); @
}
} else {
newKey.set(cells[BAR_ID_INX] + "[|" +

JoinFilterExampleMRJob.BAR_SORT_FLAG); ®
newValue.set(cells[BAR_VALUE_INX]);
context.write(newKey, newValue);

}
}
}

Q ZunifTik, Mapper By setup() F-F I\ Configuration Xt Arist R i de & CAIME , 7EIX Bt
RAGrh, P I3RBUH Tt g8 foovalMax AZ B MUIE, FEJG£ERY map() k& R B,

O —/> Map {£55 SO AR B, X A ERS 20k B Foo, #2KH Bar
Bnte, WMTT/FEXXNEAE, A REFR RLiE Foo RAVEMWE, HILIAISFHx—
& BAINA 4 tH Y key Hhi——Reducer 23 ff il tHHY key SCIBERIEEAE S . X 1R
i, setup() 75 9 TR 2 B AF 55 ACBEAV ALt B . (EZ SRR map () J5 ik, AT AE
X AMERX 53 Foo Fl Bar fiE SR HIAL BRIP4

© 7Eix BLIAME FSe i E A BERARIRT
O LALE ] foovalMax [A{E L IE.

O X HEERIGIRH— A, kA 1E MapReduce i A 358 I 51, S SE N4
it 4, —F W LLEE Map F1 Reduce {145 1% B 4T B 38 1E, TGRS ET
FPATEE R IEATICH, B RS HITE R, & Fh UL S ERETH s 1 {E,
B, (TR A ) PSR S AT BE R AT s, [RIREIR W DAZR IF &N Bl g fit— Lk
fE B, F R AIHERR KRR,

O RN key IR E . o MR RIREIRRVIE, RE—1 1" 2R,
e FARRILRARID (ARok B Bar HARENIERA A, KA Foo NIFRA B). Xt EHKE,
24 Reducer FRIUE|—/ key FI—ZH[EIFHEAT SR IRAYIN 6, Rk B Bar B EMIES L TR
H Foo FYIEHIL (key 2 A JFHY) . FHITRIAERE, FATATH Bar Bl A HAEN AT
Hr, HEF] Foo A ARTIR . ARBAICRIRICHIX R, ABALERIRATR R, sk
T 2R AR R A AN AT

B TR BAE A 1HE Partitioner, X HFFESLHL AN B & I Partitioner, iX/& K A
M Y key L& FHFSCBEMY key, LUK HFHEBIHETFAOARIC . FRATEMA st 2% 8 ID 45
X, AT ERIE FH TR BRI Rl — A key X AP 4510 R AEDS HELAE[R]— /> Reducer H, N
BANZHIR B Foo BiREiR & Bar HdatE, *TFRBORIL, XZ&BFTR, FAHA Reducer
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TR A key WIATEE. Sk, TATRET ID #f70KX, BANHA key I FHIR,
public class JoinFilterPartitioner extends Partitioner<Text, Text>{
@Override
public int getPartition(Text key, Text value, int numberOfReducers) {
String keyStr = key.toString();
String pk = keyStr.substring(0, keyStr.length() - 2);

return Math.abs(pk.hashCode() % numberOfReducers);
}

}

£ Partitioner 1, FRATA Map fi HiAY key s HUH G RT FHEY key, (UFF key fYIX —#FH
ForX F5H:, anRipTis .
B TR, 1EFRN5EH: Reducer, T iR B BRI BB LR

public class JoinFilterReducer extends Reducer<Text, Text, NullWritable, Text> {

int joinvValFilter;
String currentBarld =
List<Integer> barBufferList = new ArraylList<Integer>();

wn,
B

Text newValue = new Text();

@Override
public voild setup(Context context) {

Configuration config = context.getConfiguration();

joinvalFilter = config.getInt(JoinFilterExampleMRJob.JOIN_VAL_MAX_CONF, -1);
}

@verride
public void reduce(Text key, Iterable<Text> values, Context context)
throws IOException, InterruptedException {

String keyString = key.toString();
String barId = keyString.substring(0, keyString.length() - 2);
String sortFlag = keyString.substring(keyString.length() - 1);

if (!currentBarld.equals(barid)) {
barBufferList.clear();
currentBarId = barld;

}

if (sortFlag.equals(JoinFilterExampleMRJob.BAR_SORT_FLAG)) { @
for (Text value : values) {
barBufferList.add(Integer.parseInt(value.toString())); @
}
} else {
if (barBufferList.size() > 0) {
for (Text value : values) {
for (Integer barValue : barBufferlList) { ©
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String[] fooCells = StringUtils.split(value.toString(), "|");

int fooValue
int sumValue

Integer.parselnt(fooCells[1]);
barValue + fooValue;

if (sumValue < joinvValFilter) {

newValue.set(fooCells[0] + "|" + barId + "|" + sumValue);
context.write(NullWritable.get(), newValue);
} else {
context.getCounter("custom", "joinValueFiltered").increment(1);
}
}
}
} else {
System.out.println("Matching with nothing");
}
}
}
}

O FAFMNMEM T —AFrichiBhHEy, PrLLE SR AR IR key M Bar £iifi e
HRIR 2RI .

O {EEFTHN Bar BARERARSG , KA RN AP AOBER B

© ALHE Foo KR BRI, FAIS @I EIARY T =k [ Bar Bl dE, DABATORIHRME, Xt
— A~ £ VIR 4B (nested-loops join)

3.1.3 MapReducefEHin=

1E4n EGIFTA, MapReduce A& — MR AREIHESE, F & N B T5ZE LI B R ER 41
1, AL R & Fpik B (setup) FISIH (boilerplate) . [Flt, MapReduce #Yft il
HRAMEL bug, HEP AR,

Ait, MapReduce 7EAS BT _F3& A AR B[ SCPRIESS ' o A BB E HL I0RATHRA
MIBIRISIE, %, B, ERLERT, (i MapReduce gs 5 fORD AT LA 47 #h A F4i A
Hotrr @b, M m e EgE . 28GR UL, A R B S A B2 A T, B
28k AT UAEBARSE & FFE, Rl MapReduce X HEAEfb, ik A W e — 2R b & R R TE i 1t
1,

SUEREE AR G FEAEY ,  2US 1 Java JT & A BB 24 {8 F MapReduce, Anf{/RAbFE
(IR RIAEAS BT _E AT LAS% (LK MapReduce 155, sB (ERE T 74077 A B0 s, W3
k.,

T L FATRAELE 4 FIARIL LS
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3.2 Spark

2009 45, MK FAAEFI 54 (UC Berkeley) AMPLab S255 %5 Y Matei Zaharia 47451 1 A
%} MapReduce fEZ2 3517 T 2l idfiF 98, b I1AIE51E4E . SR MapReduce 5 Y| 18 A i =
FARACEE, AHRIHELLZ IR T — R B A Y, FEAE TR . 24 Bk,
FEERGHLES 3 2V BABAR A b, 2B 55 4n R Beas 3 & (E N Frh 2247
HEHRSE, k% £, MapReduce BHaER 55 PAT45 R4 L1 58 61 B ARGEL, FHRAET
AESPATHR NS R ERTRA . BN, A RS HE S B—4> Map Fl1—/~ Reduce, I
FAEGEREB ARG, LB R3] B F s,

MIX TFRFZE A E A= T Spark L H , 53X /4871 R B PE AL BE AR A M 1E T MapReduce 1% £ ik
H, BEE XA B B NS, Spark B2 T ALE 150 4 5Tk E HY Apache AUSS
T RTAZIH (HDFS Aif—KIA%H ),

3.2.1 Sparkiifid
£ MapReduce #Lt, Spark B4R HI 2 A0 = ZARBAELL T LA J5 T

DAGHEEY

] Jii— T, MapReduce #:7 HAH F AN ALHELFY B . Map 1 Reduce, {# F MapReduce HEZ211)
I, VRA6Z0E I H BE Map F1 Reduce 1155 LA B Ig /M 55 TR SE B H o X R A R A
5 pksk A P iEA @ L2 A (Directed Acyclic Graphs, DAG), #n& 3-5 fiiR,

B 3-5: EAXAE

ETAERY, DAG & BAHERER — R 5I#E1E. MapReduce 1 DAG st S8R & 1 H
A — Z %] Map F1 Reduce 145, fdi il DAG 3£ & X Hadoop J H H-4F & 5, MapReduce K
RN LS T DAG, ifiH. DAG i& HIF 1% T MapReduce {3 i — B4 S%E 0 L.
Oozie £ F I FLL XML BIFE R E X MapReduce 1155 F TR, H6EH— 0 VR H )%
AEZE WA 55 PR A T O

Spark ¥ JEIIESIEEA G, CN B RPN M, BT —2 eny THEE, WAt
DAG %R ZFEATIMY e, TR, X st vl AL & N RAE—MMESS Z N 5 & 7%
AR AN B BRI K 2%, FF R UFESE N 2 JR7a Bl AR IZAE 55, e i B (A M RE .
T RE £ 56T Spark IR ZE, 20 Apache Spark B ® (http://spark.apache.org/) , FLEE
B K% % T Spark FUZht, i i Holden Karau 58 A4S HY (Spark PR K 5
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W) 2 B 43 T Spark, 5T Spark B FARYE £ &2 i, £ Sandy Ryza %5 N4w'5
) «Spark EZBdESHTY °,

3.2.2 Spark #iFid

TEST 28 Spark Rl Z /i, FATEFEMEEE LT fi#— T Spark &/ ~HBE . B 3-6 J&
SRR Spark {3 B4 4,

WEHELF (& LRDD | | DAGUEES (KMUF RS R Worker
HERHIR) PAFIHL &I 25 )
BETEE LS
[Epzivsg wp

|| | S s

Rdd1.join(rdd2).
groupBy(...)
filter(..)

3-6: Spark Af

LEBRATN B R B A R &AL

IR Zh B2 7 45 10 2 B & main AR, BE X T 5 H X 3% E (Resilient
Distributed Dataset, RDD) & JA5#t, RDD J& Spark Ziferf EE I, RNISHE
/N AR A,

T RDD WIFE T H1ES 545 DAG IHE S (DAG scheduler), J5# a[LAILACHD, F
72— A ARER B B R A B P TR I 3 DAG.,

AW DAG S kikE £ # % % (cluster manager), FEREE L ES5010E Worker HUE 8.,
Er BL e Re, BB B %, HA /) Bods BT 55 2] Worker [ IhfE, EREE
PR &5 8 7 50 Worker SR DAG WU R, 1IEAnZ /i pFrfe 2, ERFEER eI LL2
YARN, Mesos 3.4 Spark N B LRSS,

Worker 2252 FNEHL 43 KL AL S5 8 . Worker U7 H B © RSB, FEARZnbeds />
DAG, PATHIE RS EELIRNRT .

3.2.3 SparkEXEE

FERFLPE - Bk - i€ (filter-join-filter) X — R~ 27, 1IN —PTHES S Spark

T 2 M O N RS L R A R e —— S E
T 3 M Ol AN MR L R A B R e —— S E
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BLAITE5 e 9 4 SR

1. 8BRS

RDD [ FAIL TR & &, X LA TLL o K. XMW RDD sk A7 if 2] 24
b RDD ®IREN. T AAF Bl AL, Spark {§ /] RDD 3/ b #EEEL /O, 4kt hAF i AL BRI
Batk, JoHE R A S5 BT e 5 s R o

B UL, RDD H Hadoop Y InputFormat (Eb4n, HDFES ERy—AN3Cfk) 7=, s&ET
CAE(ER RDD, £ AR ER S, @it InputFormat Gl —/> RDD HIRHE, Spark S5
$& InputFormat M€ 0 X4 H, X5 MapReduce Y43 F 143 25M0L, a5 RDD & 7% #
AR, MAETREXEdadt 4T Shuffle EFMEH > X, BREEHBSX,

RDD i1 % A, BNER Y FRR AL G HES, 16T 618 RDD B HE
—~ InputFormat, ANFCHEE 2%, Spark W LIARYE Mk Eiw— A5 EH, EEERD
RDD, FRIUFESAREEHTT,

Bl 3-7 % F TR Spark H1#J DAG, HEEINESE RDD B4 [X., 55— Ex& RDD UL [
T 555

AR I DESRIE || HRkeysr 4L

KIEARIE || T IEERIE AT

L

SCARTCA: Hiekey sy 4.

® 3-7 ;. Spark DAG

BUE, hRMRREBCRERKRERP X, E 3-8 fizn, Spark 2 EHi#h 4T Good
Replay HEEX SFESS, LAK Lost Block HE B BIAIHESS , AR FR2EM0 8, 4REh,
(g ¥

{£%., RDD RBGVF L, JEARE A RDD BT AR, 2F0R10L, A~
B B IE XY RDD sk JCikib AT R IR R

%Pd%
ik

74 |
ERttX£R largelove(largelove@163.com) E= EERRN



SR g Hekey syl
[ reme R e H—lne
[ s {al i il @i
e H—H e H—Muem—®
l 1 It L) it | [ tuese T

L

b itk gl okl |

L

M ik sis HA] ks

XA Hickeysy4H.
[ rene  H—pline i

\EEEE
TESSESd |,

[ rene  H—pliene ] |

3-8 : RENKEREH Spark DAG

= E
2. HETE

Spark A F R A4S B AT R Z RIfE R IE T, 74 (broadcast) AF &5 R e %
(accumulator) A% &, J #EAS 82 Kk B ArA P RE AT 0 AL, 1R ST i B R UL T4
#EAbHE, ©5 MapReduce H Configuration X Gy M (ARl BNl st 2 Kk H|
i IAT T, A SRR ARINE, 123 sl as e, H RGeS THE
JnfERE, Z2inds 5 MapReduce U502 A JLo AR,

3. SparkContext

SparkContext %} A H| Spark EREMER:, LUK EAIHE RDD, J 7 #E24 & LA R w1iG1t 5
mes .
4. Tk
UL RDD 1B Af A, 7oA B h—4> RDD fJ %, RDD &4~ % 45, KL #HASE
BN, TR B —AE k509 RDD, Spark HHAYAS H& W bk 69, NP Ast g,
A A OSSO — A A (FEA LIS —&B45)) Y% RDD, — R4 A
BER R (action) BHA S EIEMEIZ8AIAT, XAAEW SR Spark PERE, oI
Spark ¥4 ReH L DAG Bl XA Gk AR LR AR 13 5 0 R S AR E W R A
WA S, X5 SEBRib i S AR AR PR S . TR ICAYA, AR SR B ARRD L Y i
ETEEMGE (b s I i ), WA A28 b .
Spark A VFZ RS, T IFIH A L8284 rT DALE R T A% # R 45 98 SE A T 2R E Y
e map()
map() %} RDD [ 4g—/~ e b H—/~ 5%, Ml ™=k —/ %y RDD, X 5 %4 A5
14—/~ e 3 2 MapReduce 1Y map() %240, Eb#4n: lines.map(s=>s.length) FIr
BIA— 2T BT RDD (B Wnes), i —AN& &4 555K R RDD,
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o filter()
filter() LAAi /REAELTE 240, *F RDD B — AN o SATIZ A%, IR Bl —AN 389
RDD, RB&1HZEEGR R true 725, Eban: lines.filter(s=>(s.length>50)) iX [A]
(] RDD # 4 HL 2 50 A F R4,

o keyBy()
keyBy() [ #ii A & RDD Wy 4 4~ oC 25, i th & %7 RDD w1 ## {5 %F. Lk 4n: lines.
keyBy(s=>s.length) iR BILAEEAT K JE G EE . BATNA AEEEXI RDD,

e join()
join() K /> HEE 6F 2 AU ) RDD % B g b 7 2 e 1, flan, 1R &4/ W 1~ RDD:
lines fllmore_lines, g —IE& — M EEX: DFRIRKELE. TRRNES
B, lines.join(more_lines) iR [al % —fF I B, LA M iZKER (H4r Bk B lines
RDD #1 more_lines RDD FINAH) Y ) —kF 58, &5 R yoc i <length,

<line, more_line>>,

» groupByKey()
groupByKey() *t—/> RDD %M #1740 2HH#1E, Lban: fE lines.groupByKey() i [ F)
RDD i, FATCEERUATR AR, AT RI—HATEAE. £5F 8% d, &M%
{1 groupByKey () SRFREEAAN F P AeF oz F) L T i1 BB 45 o

e sort()
sort() %t RDD /¥, & E—/~G)FHI RDD,

W, RGN R %5 /E MapReduce Y Map [y B v DUBEATROBRVERL, it —LEm
%7, bban groupByKey(), J&T Reduce Bk,

5. Action

Action /%% A RDD, $ATiHRIFR B G R LR AR, B4 mide B0, A 5k
0, ASIEHBSLAIAT. Action fil & BT, THREMIEERATUGRES . FTENF]BE
FE . RAFBISCHE I E S 2P EE R . Ak, Action 123k [F] RDD,

3.2.4 Sparkith&

R, LEIRA1PI2UEHA M A Spark BIPL A .

1. &8

5 MapReduce tHEL, Spark [ APT R4 gk, Rk, ESCHUAHERZ AR, R0
572 kb MapReduce FICTSAEIF £, AS#AGK Spark FY AN ML AT CAIR 25 5 M i ix i 0 RS,
API B9 55 A AR #4F, JLP%A BELE Spark 2 FidtfrE g%, Mi7E MapReduce 2 4
RZ4H%, 40 Hive &% Pig %,

2. hEEEE

Spark M\ —JF 4Gk A BATE — AR Y R, B TOBHEZR, erl LSRR R
ALPRHEZE (BIFRIHAY Spark Streaming), LA FEALPRS[2, Bl GraphX, [K°h Spark ELAH)
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SRR RGN, FrUABAT AR Spark 2 7HEIL K 1 1i o T RO & AR PR P

3. BE{R#LEI/O

MapReduce £ £ Map [ Bt 25 3 1 5088 5 2 A b # 48, 7€ Reduce B B 45 3 I N 5 2|
HDFS b, titit, 4B 1TB B, FES 4TB KR BIwEAL, il W45 % 2TB
HdE . 24 MapReduce AT 2 AMMES5 HRIBAE — it fe, H5 0025 S ks

Spark ) RDD "JUMEiE BIN A, A2 A PURICEE, ATEEIMY VO ghrl kR, xR
A EFHAEEFE R Map Fil Reduce BB, W5 OL T, i 2 fEACETF 4RI MR |
B, (EABEFREAM S AMEE

4. 77

Spark 2 RDD Hyf7-fif 5 X T 17760 I RGP, RDD o] LUAEfif B AT 8N fE A
VAR ENER AT A AR, WrlbRABms . o, FALHAFRE
f5iill, RDD R 24P (B2 T 21> Map F1 Reduce [f1E¢) Ayt fEH, WLAAE
ARSI A

5. ZEEXH

Spark #&{f JH| Scala i & FF & 89, Spark #Y API 32+ Java, Scala 1 Python, X3k 70k
N R B B A AR TE S 347 Spark H 'k . Hadoop & A 5138 { JH Java API, fi
BeE B 5l H 20 FH Python 523 GXAERE FTLABL A Python 58K OB {E AL B 4 1 H
Spark 1),

6. M FRBEEIERS

Spark S £ {# Fl YARN Fl Mesos 1B A IRE BE gy, [FIE L FEor %8 (Standalone) %
DRIIE, AR Rk & WE IR 45 B 2% 05 T O FH R 8%, Spark & rTUAFRE A Y, R,
XIBEWRE, MR RN G —Fh IR B2, Spark A 25 SRl (T 156 4, DR oA
ANRIFE PR A & AP RFURMR, Frllix — b2k A .,

7. ZExshell (REPL)

Spark 1£55 RTUALARN. FHRR P HI A E , X (0T MapReduce {155 #9475, Spark it
£ —/~ shell (G % WFR1E REPL: Read-Eval-Print-Loop), REPL fiF7F % A P gt 1758
BAKARI K, i HE G ER IR, 5% P WhE CAER 6 Spark shell, fRATEA—i &
[, — A B EAE, R EAMARRIE R, shell 38 w] LU R P HEA 700 UEAIHER .

3.2.5 Sparkrfl

AV B —BORGIRD, RJEFEATR. ZoRBIER T 302 Wi e s, IR
[l 75 AL B

var fooTable = sc.textFile("foo") @

var barTable = sc.textFile("bar")

var fooSplit = fooTable.map(line => line.split("\\|")) @A
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var fooFiltered = fooSplit.filter(cells => cells(1).toInt <= 500) @
var fooKeyed = fooFiltered.keyBy(cells => cells(2)) @
var barSplit = barTable.map(line => line.split("\\|")) ©
var barKeyed = barSplit.keyBy(cells => cells(0))
var joinedValues = fooKeyed.join(barKeyed) @®
var joinedFiltered = @
joinedValues.filter(joinedval =>
joinedval._2._1(1).toInt + joinedval._2._2(1).toInt <= 1000)
joinedFiltered.take(100) @
PA AR DI REANT .
© 3 Foo £l Bar FiA~Kitia e, JEHMA RDD.
@ ff Foo (A—17H15r AT &
© T IEYI 4 Foo B4, (AR —FI/IVT 500 T3,
O 1 1D FIVEAGE, Rk R B (B
O %1153 Foo 75814y Bar, JFUA ID sl HL A BB I X
O &I Bar £l Foo,

@ T UESCIE AR E R A . BEALHY filter () BRECLA joinedVal EA%IA . X4~ RDD &
—*f Foo ffl Bar 47, Ffi ik ifgE—17, EEMANEIEEE —FIWFLEE/NT 1000,

O JERoRE R RYAT 100 Kok, (BB, XA PfE——4 Action, AHRHE
SCRTREAS S Bt VR X S AR AL

X B AR AR DR T, kil vl LASCHLR SR asLe,
1 TEIBIR

var fooTable = sc.textFile("foo")
.map(line => line.split("\\|"))
.filter(cells => cells(1).toInt <= 500)
.keyBy(cells => cells(2))

var barTable = sc.textFile("bar")
.map(line => line.split("\\|"))
.keyBy(cells => cells(0))
var joinedFiltered = fooTable.join(barTable)
.filter(joinedval =>
joinedval._2._1(1).toInt + joinedval._2._2(1).toInt <= 1000)
joinedFiltered.take(100)

REGEIPAT IR AN 3-9 FroR
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i BERIE [ kkeysr i

RIEERAE || OB

P
-

SCASCAE || Hikey sy 4L

3-9: Spark 89T

3.2.6 Spark{EHiz=

HBARILTE Spark 3B & — M FTAEMHESE, (Heikit R, #E 'Y, BASHM. e,
AT T R HE, :ﬁﬂ]ﬁ?ﬁﬂﬁ'ﬁﬁﬁﬂﬂ*ﬁﬁ? P iR Tike K . Spark (PSR A LEHL T AN
W55, (HEEEMEZRIR D A, MEE 2T LAEFSHER T, A5 Spark 12 £
ZKATLEE, R 25055 F{E MapReduce 258844, Spark 4318 KA M EFEE N
BRI TIERIRE, X EERA THLE 2 A 20k,

BT FTLABUC MapReduce, Spark IBHEfE T SQL. EIACHEFNRALFRAESE, X L6135 B 4HLL Spark
il HFENY, ENTRESRI TR, JF(E Hadoop A2 R G H R — i Zih, A FPUEfnmfil.

—4£7F DAG st iZiEse

F Apache Tez (http://tez.apache.org) 5| A Hadoop = 2% & G & 4 T it o
MapReduce H PR, 55 Spark 25MEL, Tez HomT LB Ab 22 2 7K ik 4 Z% 1)
DAG, Tez Zi#yik ity Hbr2 et T MapReduce FPEREFN 7R IR & HLHE

%t AL, MapReduce 1E 447518811155 (40 Hive, Pig), X Fhf s
2ieidb i Tez fR1E A B MapReduce B AHTHIHT5 128,

B Tez ARG REMGAR KHLULIL Hadoop FAVECHEALER, (B YA R A E T
AE—A KRBT H, % Hadoop LRIPRATEI4E, AR & —RIWIT L
TH, Fib, REASEAMSTE Tez, AidBEE Tez HWRE, AT
BB R KA Hadoop B2 A& TH, RHAM THEIFTS
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3.3 HWRE

4 T ik MapReduce E4F/H, AFZIHEFF & ik, XL H @ 5 Ea 5 T MapReduce
AR JetE, kil R R PS54 A% 5. Apache Pig. Apache Crunch, Cascading
LA Bz Apache Hive ¥JJ& Fix FE I, X SEdh B 6k b B AR A g FE A RS . ETL (Extract,
Transform, Load, #HX, 4. hngk) i, FA1E &S ETL B A, £ Pig.
Crunch F1 Cascading, 4% T3k, &f1s5%:>] Hive KA 1AL,

A2 ETL #5700 5 8 i B (AR 6] s TH 209 ETL ik RELRE BB EE A, W T
—RHNERE A — B 5, BTL SOshx —id Bt AT i, s i s Rl ) Kcdia 12
R, PREUE S, AidiX A RIBEPERRME, AREF ib—TIY), Hive [t fT
ETL #2 BRI TR, 5 10 maft— BT —m, (B, £ 5%, 5 Hive iXH
AL 5 | SEAHEL, Pig X ARAY TRAEMAE KL ETL TAERTS i s 47 ARG 1k

BARIX S T B 5 W) #5 4 /F MapReduce EVEDHMG LB, ik BATTK 2 BB vl LASE Hfth
HIPAT S8 FisdT, ZEBIR1L, Tez ik vl AVEA 51 #4047 Hive A1l SBIEAE, fH
Spark f Pig F11 Hive Jaunf) TAEHLIEIG R #EF T

FERA T iz sedh G 2, LA VETHEENIAE .
Apache Pig

o Pig f2Ht T —FhIUfE Pig Latin FZMERE S, AENSSE 5 (b fEd mAC B Lkt T iy
HARlE,

o Pig £t —/ T HudFF R A9 Grunt shell, REAS33 IR MW B FLafTIIAS,

* Pig f&fit UDF SEBLA S H A % LRk

o HETERPRAFIERZY, Pig &M HEh) IZ 1 Hadoop £ i b T H.,

o Pig &I Apache T H , £ 200 LA AR N G,

o EAnSeRTIREINY, RAEILTE Pig & H HMIPAT 51252 MapReduce, 1H Pig 5CRSTC%,
XERERE, REMIHAT O R A A (I e (& M Pig IARED

Apache Crunch

 Crunch by & Java IS B0, FILAAZE Java INHF R E AT EE HES

¢ Crunch X #§1jj[A] MapReduce (Y& EhRE, fEFTZAE LT vl MR % 5 Hi g 5 K B 1
A,

 Crunch I 5EEBOTHRAHPR B I 552 5, DAdhb T (RS b B Fep oo s .

* Crunch i&—/~TiZk Apache Wi H , K#EA 13 MiARRSIEE N A,

o 5 Pig N [AIAY A&, Crunch A~ 2 58 2 Sl 57 T #0047 51 B /Y, Kl 4 Crunch 3 % i 2 Y
MapReduce DhEE, X LB AE 0 5 | 2RI B AF1E

Cascading

o RfUJF Crunch, Cascading 7 FIHUACHDHL & ] Java IE S EHY,
o 2{UJF Crunch, Cascading 3 #%} MapReduce ZRERY A EET1R], AT LAMRZE 544 5 e
B,
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« %f0F Crunch, Cascading %5 38 AUE SRARMRBIN L 95 P45, LAREFT R ROBS B A6
A

e Cascading Tl H KZ)F 7 (i & HRARISHE AN B,

* R Cascading A5 &/~ Apache i H , {H'EHH Apache ¥ Ak,

BTk, LEFRA Pig FF4h, TRA THRIXEEMS T H,,

3.3.1 Pig
£ Hadoop £ &R Z G, Pig &% T MapReduce I # ) {2 MR TR 22—, BRE
Yahoo A EIBFAIN, T 2007 4B E] T Apache #4455,

Pig Jfl P52 Pig & FRY TAE{R1E S Pig Latin Za B A IEA), X FEA) E 2RI
47514 (% MapReduce) #174mi%HH4047. Pig Latin A B &gk A — A2 H# 4,
SRIE A BRI, 3R FT A BCR 5128 (40 MapReduce, Tez 8% Spark) #h4T
1, 778 AT B HR TR S P R T RIE AN RN, (AR5 18, A Bt
ISR EE,

MTRE £ Pig iR, BRI ML (http:/pig.apache.org), 8:Z0% (Pig 4FEFEEIN.

3.3.2 Pigm Al
TG T 21EVRFES], Pig Latin & —FHH 24 H A0 A RIES . WWEEANSRD, fRVE
MAERER B 5 Spark 210,

fooOriginal = LOAD 'foo/foo.txt' USING PigStorage('|')
AS (foold:long, fooVal:int, barId:long);

fooFiltered = FILTER fooOriginal BY (fooVal <= 500);

barOriginal = LOAD 'bar/bar.txt' USING PigStorage('|')
AS (barId:long, barVal:int);

joinedValues = JOIN fooFiltered by barId, barOriginal by barld;
joinedFiltered = FILTER joinedValues BY (fooVal + barVal <= 500);
STORE joinedFiltered INTO 'pig/out' USING PigStorage ('|');

XA A, RFEZHEELAT LA,
X $FHAE foooriginal fll fooFiltered iX FiftR — AN BB EMIFRIATT . X 1E Pig  tFR
J3% %, 5 Spark H1/J RDD #E&2K{0L (R ENEFRAMIE L BT . 123 Pig
HIARTE, — A1 e (bag), BT (wple) WEA, TTAHE—ZRT
[EEMRIES, — Pl EE, —MRTUEE L TdH, — TS
244, LAk,
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o ik
X LRV AR 24T FILTER 1 JOIN X Fhml AR # 56 A FOHRAIERT, X B AV 2 #5F0 Spark
PG OLZEL, X AR AN S S AT, BB STORE iy A, AR A 25 HIE AT,
VB F saveToTextFile I A &t H 45 5 .

o FHEL
iX— 5 Spark AS[A], B R HBCHE R T WA TR R Y (4 foold:long), JXAER]
DA 5 BB b B s Sh i v, Ry E T H T B BRI R ER M % &

o NI H Java
LRGN TSRS R A, - ERE E, H P42 F Pig Latin
s S Rl B —A A RTE, H Atk T B R TE S B D T 5
PEAC PR A . A SRR TR S AE AR 1, B & W LAGE RS S 2 219 Crunch F1

Cascading,

MPATELLT Explain JoinedFiltered X FERI My A, Pig & BIRIZES AR, 4n
A&k A filter-join-filter {F:55 AX i RIAIH H o

MapReduce node scope-43

Map Plan

Union[tuple] - scope-44

|

---joinedValues: Local Rearrange[tuple]{long}(false) - scope-27

[

|  Project[long][2] - scope-28
|

| ---

fooFiltered: Filter[bag] - scope-11
|

Less Than or Equal[boolean] - scope-14

| ---Project[int][1] - scope-12
|
B

--Constant(500) - scope-13

I

I

|

I

|

|

I

| ---fooOriginal: New For Each(false,false,false)[bag] - scope-10
[

|  Cast[long] - scope-2

[

| |---Project[bytearray][0] - scope-1

[

| Cast[int] - scope-5

[

| |---Project[bytearray][1] - scope-4

[

|  Cast[long] - scope-8

[

|
I

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| | ---Project[bytearray][2] - scope-7
|
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| | ---fooOriginal: Load(hdfs://localhost:8020/foo/foo.txt:\
PigStorage('|')) - scope-0

| ---joinedValues: Local Rearrange[tuple]{long}(false) - scope-29

Project[long][0] - scope-30

|
|
| ---barOriginal: New For Each(false,false)[bag] - scope-22

PigStorage

( 1

Reduce Plan

joinedFiltered: Store(fakefile:org.apache.pig.builtin.PigStorage) -

éast[long] - scope-17
:---Project[bytearray][@] - scope-16
éast[int] - scope-20
:---Project[bytearray][l] - scope-19

-barOriginal: Load(hdfs://localhost:8020/bar/bar.txt:\

[')) - scope-15--------

| ---joinedFiltered: Filter[bag] - scope-34

Less Than or Equal[boolean] - scope-39

---Add[int] - scope-37

|
|---Project[int][1] - scope-35
|

|---Project[int][4] - scope-36

---Constant(5600) - scope-38

| ---POJoinPackage(true,true)[tuple] - scope-45--------
Global sort: false

L ERYAE T RIRATCAE R, X4~ MapReduce 1145 IE 412 BifAY MapReduce S8 —F¢,
i H. Pig W 7E [ — A3 75 BT T JE Bl MapReduce fRRD i A58, Bk, MNESCELRE,
Pig IS 534198 5 1Y MapReduce fRESHS TR EERARRIRY . S5be b, AiESEP—A,
X R A Pig ST B v OB A7 fif R 4R 2, 1 MapReduce NI 25K 7 2 b #44f

TR,

3.3.3 PiglERiza=
XHEEE— T Pig iUIHE, 4n T2 Pig $h47 Hadoop AL HIAYELH .

e Pig Latin 5 T[& IS FIEE AR,

» MapReduce 58 245 E7E Pig LR T .

o S5H[EZhEENI MapReduce 15540, MARRDATEC R S B fA BE 7R, Pig Latin BIACHE
. Bk, Pig BIARIZES A Lt MapReduce HE55IRIR % .

scope-40
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o ARSI TSR, Pig Latin BIASTTLAZE Pig #5H1& th B BEE1T.

o PigiRft ToRAKM T H, FILAEBMLS &40 4THY, f# ] DESCRIBE joinedFiltered;
AR EA AW IEZ A, f#H] Explain joinedFiltered; W[ LAFEF Pig HIok3k
gk R A it X,

Pig e RINGR A THE LF 1 HNIES., S TUEL T RFERIE, HEERE, T4H.
K R ZEAR S R TR R
183t Pig #4471 HDFS
Pig B4R T — /N phirABhAE . jiR] HDES FOfA B dr 4474 0, {311 Pig shell,
RATCANI ST HDFS X245, 2L T4E Linux 51RO 43 HDFS, 4T
Sk B e BIREEMIELETUR, IRE AR E B THITXER G G4 (4nm,
cp. pwd %), Pig shell SRA M. Wi REimn_L fs 6y 4, fREEEATLL
H hdfs fs PRIFTAIAA, W HiX e 4SS e B3 BT ehdT. Br
LA, BUEAE H Pig FF & b, HE5efs Pig shell ] HDFS & 1RA H,

3.4 Crunch

Crunch A% T Google [1J FlumeJava® BEiHIT K 1, C0EBdE 7 E Nz 5 4aidt Java, JFR A
RITCTFHREA T fi# MapReduce IIAITT, ANLHEET Mo, WALFEE DAG RTINS, X
HAKRI S Pig LLEZRL, AnkEA*tBrIE L, H2 Crunch ZSBONRIRELE ERY
JRAEHE .

Spark [J#%.0042 SparkContext, 1fii Crunch AU4Z.0J2 Pipeline %142 (MRPipeline &, SparkPipeline),
Pipeline X4 A0 iF H F 611t % — 4~ PCollections, Crunch Hf% PCollections F PTable 2%
{1+ Spark Hif"J RDD. Pig %2,

B done() J5 745 fih % Crunch {7k 2952 bR 4T, Crunch 5 Pig Fi1 Spark 7[Rl i — /5. 4E
T, Pig I Spark fE$h 4T Action I} B IE P 444047, 1fii Crunch Bf i f74E R 2 18 F done() J5
o Pipeline Xt £ 4 4w i% Crunch fUiG A i MapReduce B¢ Spark TfE{f (LASKEUFT =R
FERAE) 1B,

ZHi P A1 F i, Crunch 3 #F Spark Fl MapReduce, 1H Crunch fUHLAEE 100% FE 7. X
PRI L ZEE R TE Pipeline X4 Lk, XF AR Pipeline LB, YRATLAZRIF AR
Hhie, EARE . BRI, XA E RS E R Crunch MR TR 2858E B .
Crunch 772242 it MapReduce WK BETIRE, (L&A —LLIhREAE Spark & NFAERY,

BT i %2 5T Crunch FIN%E, 2. Apache Crunch FY=ETT (http://crunch.
apache.org/), % 4F, (Hadoop f# L% » W23 T Crunch 1y —S8 N 2%, 1M
«Hadoop BURHERE (5 4 W)» #7E3%TF Crunch BET,

£ 4: JE, FlumeJava {1 Google PFBAEM, Jf&—NICiAATFERIKIH -

A
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3.4.1 Crunch7=l

% T ARHIRGE— AT filter-join-filter ZBIRY Crunch £2/7, fRETEREE], LRAZHA
RSAE run() J5ikirh . AR5 HRAE run() 5L ZNEEAT TIE L, SAERKERIA R il % .
X5 Spark H{f ] Java SEEL T R, TARGER 50k 55 2 AR X AEAR AT M oy B K

public class JoinFilterExampleCrunch implements Tool {

public static final int FOO_ID_INX = 0O;
public static final int FOO_VALUE_INX = 1;
public static final int FOO_BAR_ID_INX = 2;

public static final int BAR_ID_INX = 0;
public static final int BAR_VALUE_INX = 1;

public static void main(String[] args) throws Exception {
ToolRunner.run(new Configuration(), new JoinFilterExampleCrunch(), args);

}

Configuration config;
public Configuration getConf() {

return config;

}

public void setConf(Configuration config) {
this.config = config;

}
public int run(String[] args) throws Exception {

String fooInputPath = args[0];

String barInputPath = args[1];

String outputPath = args[2];

int fooValMax = Integer.parselnt(args[3]);

int joinValMax = Integer.parselnt(args[4]);

int numberOfReducers = Integer.parseInt(args[5]);

Pipeline pipeline =
new MRPipeline(JoinFilterExampleCrunch.class, getConf()); @

PCollection<String> foolLines = pipeline.readTextFile(fooInputPath); @
PCollection<String> barLines = pipeline.readTextFile(barInputPath);

PTable<Long, Pair<Long, Integer>> fooTable = foolLines.parallelDo( &
new FooIndicatorFn(),
Avros.tableOf(Avros.longs(),
Avros.pairs(Writables.longs(), Writables.ints())));

fooTable = fooTable.filter(new FooFilter(foovalMax)); @

PTable<Long, Integer> barTable = barLines.parallelDo(new BarIndicatorFn(),
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Avros.tableOf(Avros.longs(), Avros.ints()));

DefaultJoinStrategy<Long, Pair<Long, Integer>, Integer> joinStrategy = @
new DefaultJoinStrategy
<Long, Pair<Long, Integer>, Integer>
(numberOfReducers);

PTable<Long, Pair<Pair<Long, Integer>, Integer>> joinedTable =
joinStrategy @
.join(fooTable, barTable, JoinType.INNER_JOIN);

PTable<Long, Pair<Pair<Long, Integer>, Integer>> filteredTable =
joinedTable.filter(new JoinFilter(joinValMax));

filteredTable.write(At.textFile(outputPath), WriteMode.OVERWRITE); @
PipelineResult result = pipeline.done();

return result.succeeded() ? 0 : 1;

}

public static class FooIndicatorFn extends
MapFn<String, Pailr<Long, Pair<Long, Integer>>> {

private static final long serialVersionUID = 1L;

@Override
public Pair<Long, Pair<Long, Integer>> map(String input) {
String[] cells = StringUtils.split(input.toString(), "|");

Pair<Long, Integer> valuePair = new Pair<Long, Integer>(
Long.parseLong(cells[FOO_ID_INX]),
Integer.parseInt(cells[FOO_VALUE_INX]));

return new Pair<Long, Pair<Long, Integer>>(
Long.parseLong(cells[FOO_BAR_ID_INX]), valuePair);
}
}

public static class FooIndicatorFn extends
MapFn<String, Pair<Long, Pair<Long, Integer>>> {

private static final long serialVersionUID = 1L;

@Override
public Pair<Long, Pair<Long, Integer>> map(String input) {
String[] cells = StringUtils.split(input.toString(), "|");

Pair<Long, Integer> valuePair = new Pair<Long, Integer>(
Long.parseLong(cells[FOO_ID_INX]),
Integer.parseInt(cells[FOO_VALUE_INX]));

return new Pair<Long, Pair<Long, Integer>>(
Long.parselLong(cells[FOO_BAR_ID_INX]), valuePair);
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}
public static class FooFilter extends
Filterfn<Pair<Long,Pair<Long,Integer>>> {

private static final long serialVersionUID =1L;
int fooValMax;

FooFilter(int fooValMax) {
this.fooValMax = fooValMax;
}

@Override
public boolean accept(Pair<Long, Pair<Long, Integer>> input) {
return input.second().second() <= fooValMax;
}
}

public static class FooFilter extends
FilterFn<Pair<Long, Pair<Long, Integer>>> {

private static final long serialVersionUID = 1L;
int fooValMax;

FooFilter(int fooValMax) {
this.fooValMax = fooValMax;
}

@Override
public boolean accept(Pair<Long, Pair<Long, Integer>> input) {
return input.second().second() <= fooValMax;
}
}

public static class BarIndicatorFn extends MapFn<String, Pair<Long, Integer>> {

private static final long serialVersionUID = 1L;

@0override
public Pair<Long, Integer> map(String input){
String[] cells = StringUtils.split(input.toString(), "|");

return new Pair<Long, Integer>(Long.parseLong(cells[BAR_ID_INX]),
Integer.parseInt(cells[BAR_VALUE_INX]));
}
}

public static class JoinFilter extends
FilterFn<Pail<Long, Pair<Pair<Long, Integer>, Integer>>> {

private static final long serialVersionUID = 1L;
int joinValMax;

JoinFilter(int joinValMax) {
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this, joinvValMax = joinValMax;

}

@Override

public boolean accept(Pair<Long,
Pair<Pair<Long, Integer>,
Integer>> input) {

return input.second().first().second() +
input.second().second() <= joinValMax;

}
}

AT BT, T TRERE T4,

© H eI A8 1 Configuration Xf 4 Gl i T — /> MRPipeline 5 f5l, £, i ik H
MRPipeline 2%, Fefi13EH:(H FH MapReduce 1E 4K ERIACEE S22, ix Bt ] A /E (S FH
Spark XA TS5 14,

D X BT AR R A IACHT BT IRk Ze b, FEHEFTE K PCollection, X AL S
Spark i FH RDD (8% —%k, ®TLAINA PCollection jiliat — /A Al & 214> A NE A,
TE_ BT T RS 4 BB W LAsr A it . 2R{LF Spark, PCollection 7E4HE Er[HEZ&
ANFER, HiET, BRI REF BT NF RS k.,

© X B — kA paralleldo, BZ{LLT Spark H1 RDD HY map() B %L, iZ%eA%LL 5 Az
(975 2ok I PCollection AT E, %2R [0 55— PCollection, 2 (%A {5
XAEIR [ —/> PTable, {E&, XHBEIHH T —/> 44 FoolndicatorFn() 154, JRIfiA
CRSEIARRDS, BB R 508 Lo A 20 5 20k b5 f 4 e bk ST RZ 5.
A2 BN 45 3% Crunch Fe 4148 F 2R A1 B3R [8] — />3 Y PTable, PTable 5 PCollection
PIARESEET, ArE eI ENRE, "TEHRAEBSCEE,

@ ft — Ao AR I #F G — /> HTY PTable,

O T AT RWISCIAE AR NG, 753X B3k A1{f ] DefaultJoinStrategy, A~idibhA FH
fhAYETR, 40 BloomFilterJoinStrategy . MapsideJoinStrategy LA & SharedJoinStrategy, f£
W ICIRNE Z AT, T T AR SRR

O X H AT RIBARER R GRS, FRAMEH T8 G RSG5 NS, 4 A PTable LAK N
BN E S S HL

@ FJa, BAREIES AR, EEX— o M EERE, FIiRSE R H 5
R 2, A& A,

3.4.2 Crunch{fEHis=

BESR Crunch 5 Spark 4810, & & A HIAART KL EIITF & E KDL, Crunch &5
Spark BUCWE? ZZ RS JLA R E, XAk, LT Spark BY Crunch A AR5 47 2k
AFRL, T HA TSR BREg, BRI T51%E Spark rf LU,
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SR, TR BIEA RAF AR RN A AR . B3 FE 0 Hh R i dh g, ik 7 B i
BERIS1 4, R 3E~42] Spark Il Crunch, 4P, Spark B REFRIN T HIThAE, 1HiX— &M
AK[FZFE] Crunch #, F&AE Crunch & AEEHT, &N E:M HIX —HiThie.

KEKHOU T, B2 M Crunch BT A N RESE(EHA T, Crunch SHAMAHE—oun
Pig, LAMAISLGATHI Cascading——FFFE 74+ %, 1E40 MapReduce 5 i EHAT5 24
FHELEENTES TR, WRIREWRK Java, BEVGXFER B T2 2 FitfrE2Enihs
B4R, B4 Crunch 802 — A AEEIVIESE .,

3.5 Cascading

TE=/ ETL % b, #RIEFANIAVZLL, Cascading & P&/ bR —A~, Ak fd e A
XA THWERAMNE, BEMR, R& Kk Cascading 41T Crunch fil Pig Z [, ‘©5
Crunch R {UIHIHL T 40T o

o {§H Java 15 5 gb0,

o Cascading SCHRFRIV 5572 5 55O IR # B K

* Cascading $& 8t T TR ICE#: H B T)RE.

Cascading 5 Pig fELA T J5 I LLECARILL,

o Cascading Ze4% T 982K A FBEAME S, TOUFFIZBIRT IS R BRER
o PRELLdLE UDF 2l 552 5, FH-SeB | 2 LHIEhRE,

T f#SE £ 3¢ T Cascading HIfE 8., 2 Cascading 1T (http://cascading.
org/), B.Z% Paco Nathan i35 1Y Enterprise Data Workflows with Cascading.,

3.5.1 Cascading7rfl

T [RS8 ) Cascading 9B T filter-join-filter, 45—k Bk B AT, (Rl REA SR
F#55 7%, Bt Crunch il Spark FAMA, AebfFANAHF K, Frikas RIE N0 ML
oty .

public class JoinFilterExampleCascading {
public static void main(String[] args) {

String fooInputPath = args[0];
String barInputPath = args[1];
String outputPath = args[2];
int fooValMax = Integer.parseInt(args[3]);
int joinValMax = Integer.parselnt(args[4]);
int numberOfReducers = Integer.parselnt(args[5]);

Properties properties = new Properties();

AppProps.setApplicationJarClass(properties,
JoinFilterExampleCascading.class);

properties.setProperty("mapred.reduce.tasks",
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Integer.toString(numberOfReducers));
properties.setProperty("mapreduce. job.reduces",
Integer.toString(numberOfReducers));

SpillableProps props = SpillableProps.spillableProps()
.setCompressSpill( true )
.setMapSpillThreshold( 50 * 1000 );

HadoopFlowConnector flowConnector = new HadoopFlowConnector(properties); @

[/ GV BARIRANS Ink Xt R Tap

Fields fooFields = new Fields("fooId", "fooVal", "foobarId");

Tap fooTap = new Hfs(new TextDelimited(fooFields, "|"), fooInputPath);
Fields barFields = new Fields("barId", "barVal");

Tap barTap = new Hfs(new TextDelimited(barFields, "|"), barInputPath); @

Tap outputTap = new Hfs(new TextDelimited(false, "|"), outputPath); @

Fields joinFooFields = new Fields("foobarId");
Fields joinBarFields = new Fields("barId"); @

Pipe fooPipe = new Pipe("fooPipe");
Pipe barPipe = new Pipe("barPipe"); @

Pipe fooFiltered = new Each(fooPipe, fooFields, new FooFilter(foovalMax)); @

Pipe joinedPipe = new HashJoin(fooFiltered, joinFooFields, barPipe,
joinBarFields); @
props.setProperties( joinedPipe.getConfigDef(), Mode.REPLACE );

Fields joinFields = new Fields("fooId", "fooVal", "foobarId", "barVal");
Pipe joinedFilteredPipe = new Each(joinedPipe, joinFields,
new JoinedFilter(joinValMax));

FlowDef flowDef = FlowDef.flowDef().setName("wc" (8)
.addSource(fooPipe, fooTap).addSource(barPipe, barTap)
.addTailSink(joinedFilteredPipe, outputTap);

Flow wcFlow = flowConnector.connect(flowDef); @
wcFlow.complete();

}
public static class FooFilter extends BaseOperation implements Filter {
int fooValMax;

FooFilter(int fooValMax) {
this.fooValMax = fooValMax;

}

@Override
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public boolean isRemove(FlowProcess flowProcess, FilterCall filterCall) {
int fooValue = filterCall.getArguments().getTuple().getInteger(1);

return fooValue <= fooValMax;
}
}

public static class JoinedFilter extends BaseOperation implements Filter {
int joinValMax;

JoinedFilter(int joinvValMax) {
this.joinValMax = joinValMax;

}

@0override
public boolean isRemove(FlowProcess flowProcess, FilterCall filterCall) {

int fooValue = filterCall.getArguments().getTuple().getInteger(1);
int barValue = filterCall.getArguments().getTuple().getInteger(3);

return fooValue + barValue <= joinValMax;

}
}
}

iEFATEBE Cascading P& A T4,

@ Cascading ) Fl # &85 BAABY BE . BLEMBE. BRI B, ACEERY B, Fnde)a il
BB, EARGIR, TATE LT E, 03 T HadoopFlowConnector,

@ Tk, FAACE Tap, BIRHERFHIH AL .

© (L5 Cascading FRESAYEE BHS 4 20, IHEBEIRANTE Lt 5, X g —4 Tap
Xt 42, Cascading f & Source 1 Sink #2¢ Tap, {EiX B A6 E T — /> 5 HAY
Sink Tap,

O MBLALHEA Cascading Fe FPAUARACEIL B, FEBITIRERRIBRZAT, & ORI IR .

O FExX BHATE LT Pipe ¥ %, Crunch i [l Java i 5 0 M NE S, SZARENE,
Cascading 27 JE) & Pipe FIl Tap, XA E 8 M BB R BUEE, P47 B0 e 1 1) 4
Hidth, X BLAYAEE AE B FIA 724 5 Crunch (Y PCollection, Spark 4 RDD ELARAHIZ

@ i Each() JAH, K FooFilter() J5i: 1 F ] fooPipe £ i it sk f—AIC4 L.

@ ix H & {# ] Cascading #4755 — A6 1+, 5 {EH Crunch 1 SQL (Fl/E&1t18)
B LA, RBRA R Z RIS EL

O BTk, BWMEFCH LR, HEAFENE, X BEE Cascading H1i1y “fik” B, £
X HIRA TR 451 Source Tap 55 Sink Tap JiltfE T —#2,

O w)a, fExHEEFERERMm AR, FERTES.
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3.5.2 CascadingfERHiz=

HEF(E H Cascading (1935t 516 A H Crunch F¥p5AilE Bl & Bk T4 Nwdr. &
H 256 DA RO R e SR R B . BB3E, &M ETL 5 Z A BIELE I

HE, ULETHEMMSR Y IET ETL 8, £ 3.6 17, EAAEMAIREA, JF4A1HE Hive
Fi Impala,

3.6 Hive

Hive #& 5 — /> T MapReduce G E 19 #1551 %, Hive €4 T Facebook, ### 5 #7Uifi f
H Hive 43 #t Hadoop HHY 44z, 1fi H.RERS (8 2B B SQL &%, 1A M4 21 anfel 4 5
MapReduce ££/%,

3.6.1 Hivelffi&

it Pig #H[7], Hive {E Hadoop A& R G LA F/E T IRKI A, Pig ZE k¥ 1HIES,
ifi Hive W AR VFIR(IE HARRIIE S5 . SQL, HOUELE, T34 SQL, Hive il A T
Hadoop $¢48 0 B0 — AN k£, i H., Hive BLIEH FE £ 2 %4 Hadoop L3 %Y SQL =&
¥——40 Impala, Presto (https://prestodb.io/) 5 Spark SQL A,

Hive J&—A BT T AR AIHE, —HLUOR, Bi K@ etk tt. A, &
PHY T Hive R HAEREZ I, FATLBHU#RE— T : Hive IEETEAFAY TS 1M k4, ifi Hax 28k
AR REAS G B il e [a) i,
X E A T PERE RS, X AR KR & K 4 MapReduce {E Hive 0.12 2 Fij F{E T Hive 51
# . MapReduce R H, (HE&FHAE A H T RIS & iz B0, A& HNEFRZ,
T2 /& MapReduce S5 Z i 5 W4 4%, 1 H MapReduce fE55 1 B8 AR &, Fl,
— N ZRRIIAE TS IE T B Bl ARBAVEIE K, R BRI S AR5
ERZ%Z .
Hive #h X fR{G R X Lok REmE, i A V2 NEAEZREI B, Hive RIS 7 £ R,
e Hive-on-Tez
ZH EReE i F Tez— —FfiLk MapReduce P RE S & (I HLAL IR 5 | 2E——AF 4 Hive IK R
HIPhAT5 125, Apache Hive 0.13.0 iRAS S FFFE Tez _bisfT Hive,
* Hive-on-Spark
Hive-on-Spark 5 il Ifii /) Hive-on-Tez 24 {0l, {H/& ‘& fd M Spark 14 Hive Ji€ )2 B 4751
%, ZES HAE TH RS R, ERIRSERERSR 54 Hive-7292,
s HELMITEN
1% 5 il Bk A B 22 45 s Sk idi /b Hive X1 CPU ke, s b b B BAER 45150
F %R, Apache Hive 0.13 J&58 — A~ FrR &L WIT (vectorized query execution)
#Y Hive kA, TBELUFENIHR (41 ORC 5 Parquet) TFi3dEA HeR Hix—Ihhe,
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1E Hive W B Z /M4 A B0 B 13, 40 Impala, Spark SQL. Presto 5 Apache Drill, &
IEBREFE AL PRy SQL-on-Hadoop, FfiJa A 1S AEA T TELNHAFHIE N Z .

BRI TG A B R g dkdt (Joissg Hive T B 2 WAV dtd & sttt ) #FE(
SQL-on-Hadoop HY B RE H %5 38k, o H e, A A EAREER: AR
Hive 5l H #7585, DABOBTDI B #8 SR O T A fif e e iy Hive JeiiEAR S5 . Bk, &
FhRGAREIL TR, BARIES ARG 2 ML sE 2> 250 2 B FAH A VEERAS /3 5
ISy . dFIEICEAE, AT DAX MR thn, XM P 7E Hive Q& — R $E
X LA AR RN — />4 DI, LAY 2R S i 4> XML AT /8 Impala 25 H: fth 7 55 fif
M, RZIRK, X—ddEF =L, XTI & #H 5 Hadoop H 2k 4 S 1L, Hive JC
FetER 55 © 2 B A F P A s BT B AR 1 brifE o

Pl 3-10 74 Hive & B 4844 [, Hive & —4> %4 HiveServer2 Rk 55 &5, if il &l LA H
JDBC., il #i#i %% H: (Open Database Connectivity, ODBC) J& Thrift % J i i4% .
HiveServer2 ¥ £ Fh & 164, ¥ Hive Driver, ZiF#s AT, HiveServer2 4,
5eBAR RS WA, FEH R BEAR EF i C s, B 1 sy R, ool
PR 55 565 LAY 3¢ 22 AUAHR P H G Fk 4 Hive Metastore

Beeline

! Thriftf % |
%D}E% Hivelyiikzhze| |Hive3kzh
HATE HATH

ODBC

]ir
' jEa I iFas

o ZiEL ~iE2
[ ewmwions || v
— s
% Uiy
Hadoop

3-10. Hive (92243

BT R E % Hive #15:%, 1t 29 Apache Hive 93 (htup:/hive.apache.org/) 8%
(Hive ZRFEFEra D,

3.6.2 Hivesrfl

AREE filter-join-filter A, FADRE A~ H Hive FY5EE,,

ERBEEABIRECIESE, ML TR, BROTEE MBS, XAE—K, MBRiZEN
SMiETCE AR (Metastore U4, Fll& . FAIE(E ), HDFS HFAE B A Z) .
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CREATE EXTERNAL TABLE foo(fooId BIGINT, fooVal INT, fooBarId BIGINT)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY '|'
STORED AS TEXTFILE
LOCATION 'foo';

CREATE EXTERNAL TABLE bar(barId BIGINT, barVal INT)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY '|'
STORED AS TEXTFILE
LOCATION 'bar';

RATRECAEER T, EiED 5% 4% RDBMS RGMEH AR, Ak, E7—4#%
SQL HY JH B R IZ RE S PR X 5 & I IR MBI ZhAE. WS 2, TAT1EIE 743k foo F1
bar, FRAVEAE Atk XA SCA S, W17 VEAFIRI S IRTF, B & HHER LT HDFS
F1iY foo 55 bar A,

FOMEETEEARE, R S UL T 3R ST Al i i B U R Bt A7 il Al oy
PRI SCA SO, (B AR I, AT RE S — ARy il X (40
Parquet) fFfif#it. % 8 FAFIHERMKIZES], X SR LA B/ (41 RDBMS)
Alale FEEGRBERAF i, Btk A shieaod 8ol Rk L ferssX.

BAE, W TR E 2R, BATTLLE TR AR RS ER. X iEr, A
— A LBk . XAk, Hive s AT LAE TRt A, 845 S 3 A B A ORISR ST
il £ Hive P HHFIRFIFRIISIHME L, & THUR.

ANALYZE TABLE foo COMPUTE STATISTICS;

ANALYZE TABLE bar COMPUTE STATISTICS;

—/>#FRA hive.stats.autogather Y JEMEFF 45 T Hive SEil (5 BRI B bR, EKIAE
BRI E Y true, (HAE, S5 B RAEE Hive (1 insert iB4)4H A SR (40 INSERT
OVERWRITE TABLE) A REHZhitH., AR Hive 24 F%PEZk A HDFS Hr, s H 210
T Flume A9 T EB %8840 A Hive ) HDFES {7 &, B4 P FEE 57—/ ANALYZE TABLE
TABLE NAME  COMPUTE STATISTICS #iy4>, MHEHh S HENSIHE A,

T, XHBfT RS Map BB IS, REEE . HREA MRS ZETHE R (40 min,
max %), XEERIFLL AR, Hive B R THRIE rTAFIHIX A5 B,

GEitHE B R R 2 )E, AT ATUAGREE T, T fE Hive g f7—/ filter-join-filter £
T B A AR

SELECT

*
FROM

foo f JOIN bar b ON (f.fooBarId = b.barId)
WHERE

f.fooval < 500 AND

f.fooval + b.barval < 1000;

IRATRETERE 1, fURDARM R, AnSRIRZAZE SQL MiE, WIERAntk. Kk, RI-FRS4E
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F##>] MapReduce, Pig. Crunch, Cascading Z T E. T,

TREEAE, MERIERIEREL, Hive A S A ZIRLF, AT E L E Bt
AREMLAL. bbfn, Hive R FARRIAI MRS : map e (HAREFISCEL) . 4k
B (bucketed join) . HEFF)G4r A& FH:9CHE (sorted bucketed merge join) 5 HICHE, 285,
WRBAREFF & FE Rk F, ML 5 HALICIHARLL, FELE G nE o] RE S5 15 oK SEATHY
PERE, 1B, BIARIHRAHY Hive Joik H 2hE £ ERRY OGRS, Frld Hive ZwiF & 1K
AT Ty FRRL Y F2 7 e JE B R AR SC IR SR . BORTIRUAS Y Hive BERS H ZhIE £ BN, M
HFEED HBAK i, Hive 2y A 3) 7€ B Ritk 2 il ft. .

FIFER SRR, R SQL A8 A, (HE I RRIE A HIRA TS R B TR
Bo AT/ SQL ZERIBHEALEL R, (RERFREE—T SQL 2 M il A, Mh)iElL,
LI ERXA M 2 A 2y 1k SQL e, fd il 8 B 38 5 2R A R A IR 8TiE & SQL. bbn,
AR AR S B A Twitter ERAGFERAT -, M SQL A ISART HE (1B Reess Ui )
Twitter AVEREE ) . R RATFEU RGO H GRS, RIaRHHENREE I,
I, Pl SORRCHLS BESRGGE HAE & (1 SQL. AR ah SR 4B AN4T A
e [] Twitter J FRORIY) 5, A4 SQL AR 41 T,

5 Pig #8{EL, Hive & —Ff MapReduce b5 T H (B R FH i e i B8 r AT 5|
#5), XKW Hive Baif T JF1RIMFTA MapReduce 1155, FH PRI IZ TR, A Hive
REAET G T2, LABRIE Hive #2118 H P EAEEPITITS . P SR a1 4 4 B 15
Hh A hN— /MR EXPLAIN, I —/~ {5 Fuk & EF filter-join-filter ZRIR)ATIRFRKIIAZE

AR VR R AT TR B B AI0EE, SQL 2 iRl it 24 Hive BB ALEERY 3 AP B, TEEAN]
VS 3 ANBBE, Hive B 20| H ZEH AT — A map Sk (i A PEREER 22 1Y MG K ) .
53 Y EEARYE SELECT * FROM foo f WHERE f.fooVal <500 fy&EHRA:pk— MEFHF. WM FHE
TR S AR BRI A 1 N AR, SR)E, Ansh 4 I BE R, B AN bar IR,
FHENFH R E foo Fid IE(H AN A RIS T IR IHRIE,

EXPLAIN SELECT *
> FROM foo f JOIN bar b ON (f.fooBarId = b.barId)
> WHERE f.fooVal < 500 AND
> f.fooval + b.barVal < 1000
>
OK
ABSTRACT SYNTAX TREE:

STAGE DEPENDENCIES:
Stage-4 is a root stage
Stage-3 depends on stages: Stage-4
Stage-0 is a root stage

STAGE PLANS:
Stage: Stage-4
Map Reduce Local Work
Alias -> Map Local Tables:
f
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Fetch Operator
limit: -1
Alias -> Map Local Operator Tree:
.F
TableScan
alias: f
Filter Operator
predicate:
expr: (fooval < 500)
type: boolean
HashTable Sink Operator
condition expressions:
0 {fooid} {fooval} {foobarid}
1 {barid} {barval}
handleSkewJoin: false
keys:
0 [Column[foobarid]]
1 [Column[barid]]
Position of Big Table: 1

Stage: Stage-3
Map Reduce
Alias -> Map Operator Tree:
b
TableScan
alias: b
Map Join Operator
condition map:
Inner Join 0 to 1
condition expressions:

0 {fooild} {fooval} {foobarid}

1 {barid} {barval}
handleSkewJoin: false
keys:

0 [Column[foobarid]]

1 [Column[barid]]
outputColumnNames: _col®, _coll, _col2, _col5, _colé
Position of Big Table: 1
Filter Operator

predicate:

expr: ((_coll < 500) and ((_coll + _col6) < 1000))
type: boolean

Select Operator

expressions:
expr: _colo
type: bigint
expr: _coll
type: int
expr: _col2
type: bigint
expr: _col5
type: bigint
expr: _colé
type: int

outputColumnNames: _col®, _coll, _col2, _col3, _col4
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File Output Operator
compressed: false
GlobalTableId: 0
table:
input format: org.apache.Hadoop.mapred.TextInputFormat
output format:\
org.apache.Hadoop.Hive.qgl.i0.HiveIgnoreKeyTextOutputFormat
serde: org.apache.Hadoop.Hive.serde2.lazy.LazySimpleSerDe

Local Work:
Map Reduce Local Work

Stage: Stage-0
Fetch Operator
limit: -1

3.6.3 Hive{#Hiz=

RUEARTE FEHEHE FH Hive SR BE 58 105, HIRMFEERH, Hive 19—
5y (B Hive TCHARAEE) T2 %A Hadoop & RS T BARAF kI SShnils (4. 71
%, KRS, HES W 14, Wik, JCUefE RS 4, e E FI{E ] Hive TR A7 ik %
A TC B AT A B DL
215%, Hive thid FT & AR A SQL Zik AR A, THEAH 2Rk L KEfr%
I, B TEIEAR, WRBES AR REE . A AACE (Wgtaii, AU et
M) FAs e, s ERE1F Y SQL BB AT ETL 1155, Hive & AEEAIERE, 1EFkA]
HE— D TR IX S
« SQL
XfF Hadoop SR i, Hive f&—Ff SQL 5%, Impala 5Hfth—LLRI-HEMISI% (40 Apache
Drill 55 Spark-SQL) uanit, FrlL, 4nfAHLL sou (5 R BATE ), AP LIRPLIZIN
i X R RIS 88,
o B X
Hive AIREA A ARG #ER (pluggable) FFEfFATFHY SQL 5148, X BT ULIY4E # X
HLEIR 2 5 1h . Hive I Fs B & BRI, Bl v 5IfEfiix /7511t (Hive SerDes),
H P HEERL S Hive JEEERJHITE1EE, WL MapReduce P78 B%, Tez, FAS A Spark (A%
BEERHAESE ). BilL, anRARTE B R 2 00l T 5 1 38 2 Rk, B4
Hive AIfE& — M ANEF LS,
o Abibi¥
Hive /& — AL ACEE 51 22, X ERE IR A RE L BRI EE L, — ki, HSIE (4
Inpala) (AL Hive sRPEEH, Rk, AnfrRet e RRE, AL Hive AR EATAUERE,
o B
Hive /& H4 (fault-tolerant) [y, MiHfth51%E (40 Impala) FEAPBIEREAK
PRy, XERE, RO SR A a T S e s AR, A4 Impala
HIREA PG M, [HATE Hive /1, KBTS HSEIR, B i Kk o ),
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IR RAATEHL, (AR AR BRI A, AB2 N P S s A i Al
b, EAERELE, A2 B Hive & af LAY,

o EEEK
A Hive I BB MRS, FRATAMT 2B 28 FHEWR?  Hive J& Hadoop |- f5 i Z41Y SQL 5
g% Wik, EARBEIER, Hive TR &MITIREF b s I BT LR L, thn, £
BYEA SR, Impala #iA Xk ERPE R A (struct, array, map %), ZIRLFFHRE
MAMREL, I Hive aJRER — AN ANEEDLEE,

3.7 Impala

#Hi1k#) 2012 45, Hadoop CLA{EVF £ W M5 ERE ST, (H20R HR1ED —/ MKk A
RUTEGEFIHEALFE ETL & fEA4E, 1iE I, Google 28 T W B iR R A IR A iR 5 | 22 A0 16
X — KA FL R HER R 80 A 2 SQL Bl 2, — i & 444 Dremel [ Rl i
M78 RIS 188, £E 2012 4E, Impala KA [, X&— Hadoop Z FRUFFIR . fR4E
iR SQL 514, x—HiH%F| T Google Dremel 123CHYEX .

Impala 5 24 I Hadoop A= 25 Bl i Ho Ay 51 B AR, ‘B HY A& A & MapReduce, Impala %
HZ o tfe TR, BRIZEM SESHI R 4TALHE (Massively Parallel Processing,
MPP) #3E{>% (%40 Netezza, Greenplum, Teradata) #H{Ul, Impala #2447 IE{0LT £ 55k
PO FER A R A i & B, JE3R Lk MapReduce |izf711 Hive BARIR %,

S T BERAE Hadoop EIEBCECHEIR S, Impala & i T Hive 19 SQL 55, - T Hive AY
TCEAEM S . Ak, RHRFEE LK, kT LE Hive, Pig il Impala 1 {# ] 7. 5 Hive
FELLAYAE , Impala % F5% HDFS 1 HBase TEASHRIR, IRk Z5000H WS (4
FEFF3CA ., SequenceFile, Avro ¢ Parquet), iX— 5 {# 5 Impala 7] L B 4% 1) Hadoop
WA SR, TN EER R L A 1

T fEE £ 56T Impala W E Z 017, %15l Impala M5 (http://impala.
io/), 2% John Russell I Getting Started with Impala,

BN, AFERRBIN, A H MR H X FF Hadoop EWIRIE IR A iRACHE . £
5 Presto W H  (http://prestodb.io/) F1 Apache Drill i H (http://drill.apache.org/) .

3.7.1 Impala#fit

Impala FYZEH0& TCIL Y, X7 Impala S ARG EEFNSE KT R, H g
RAEVAWIEN, Impala /358 /T DME RS PERE

Impala MZE#)FA &L & T Impala J5 £ )% (impalad) . H %Rk 45 5 statestore, Impala Jii
BREFTFEERNE - A LB, B impalad # AT DAEAZ RIS . Einiftas
e A HATE I8, % Fuii%E Impala, WILA# ] JDBC, ODBC. impala-shell 5 B.#% it 1]
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Apache Thrift (http://thrift.apache.org/) %1% F{T & —4> impalad |, FrA Y impalad #3AH
G, WTLAEA, DRIl 55 00T % P S B3] — A i et b, il oy s frid
L R FE RN impalad, 7 P42 impalad 23 128 24 i 2 1R A BRI &8 Fns it
A .

A TR S AT T AT 28 E D SQL 154, IR —/ iRt &l, A i bh A iAot
RIVEAA R RIF & AEE 2 4y BB 44 impalad 44T, Impala B2 4N 3-11 BiR,

SQLJ.H
0DBC
DataNode DataNode DataNode
AR ZF Esainpbl s AR
AT A2 AP IR AP A2
T
I JI; dl;

EIRPAT IR AP ITEF AT 2R
HDFS HDFS HDFS
DataNode HBase DataNode | HBase DataNode HBase

3-11 ;. Impala 2243

HE, SHMEIREEEAS (40 RDBMS) AERZ, Impala H-3A SEHLUR 2 P50 A7
ik, R efdedn %3] T HDFS A1 HBase W', Impala HUAS AR 420 5 52 B4 48 2 A i 22
BT %, oA Hive TTEHRIRSS 258 TiX 2 TR, X3t v LALE Impala 7 TE/1Y
Bobhee, BIURS AT Re @ 8o T A i i )

[Al 4 Impala 2/E Hadoop b flt—A 4> A0 MPP %8 1%, FrlAZE S sc )l MPP 5048 2 vh
W B R A N OCBER NG, AFEIER, Impala SCIL T RRSEBERNE . 45 X407 L5
(broadcast hash join) 4% X &4 5] %% (partitioned hash join), ANRI%EH AL T fifix ek
T56 SR W ) PR SR B N A Tmpala ARSI 5 5, TE S B ff % A

3.7.2 HEETEEMAIILIT

55 SQL-in-Hadoop fi#pk 75 ZAHLL, Impala 5 —LEi% 1 L% [ERENS FEICAIRAER ,

1. SRR A NEF

Impala 522 EE T &S, 5% RT MapReduce 5158, wIkFHEIEZRM, HAESM
WakE IR, BTk, BEEZ AL BRIt T, BIESRAAENAE . BMEEA R
MO EEAT T Shuffle #80F, Hdaths BEGRIE Nk, 0k ZEA S EEIME . ik
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UL, BEEAIEEREME S, TEELZHAERT B, Impala PERERITR T 2B A TE A .
%o MHLZ T, Hive fEAHT BABSEIEA T LI B AR BRI, 85 RINND 2S5 ARG

XIHAEEW A Impala REEACEE AR I E AR ATLURARINEH CREE) WA, Sk
AH Impala AR ATEFEN AR AT AL AR PR, X 2R ARG B (ZRRIE a1
INRBEE AN F) . HEF R SN PATE - HEFEAE) . Nk E
(AL FERESFHBINAERLUMERS). i, 1f Impala 2.0 K52 RAH, Impala
KFERHEE L A R A5 R AR M B R . Bk, (EFBTRRASHY Impala, &IRIEMASZ
PR3 et i) 5 SR AR e N AR BR il . Tmpala {75 25 B BCHE RN AR, THRE SR Mo —
M, ABEHE S /RS EIH M B, SRR, R XHEFE TR VO, BT
PERE,
BHEIT, 53T MapReduce FUACEEFHLEL, Tmpala 7R3 i P ERT T2 2 15 £ 105 N
o X B A1 s A e/ 128~256GB N AF, Impala 5 REATREML 2 5 HIRAE, TR
A LR TR o X AR — AN AT 24— R, Impala B T E A 1R,
ifii MapReduce, Hive ®[ LA, 4R Impala A5 {40 THh A7k ey, mdeqs sk, MB4ix
MRS RN, A, fERgthkdsfrEing R L, WRERRGATZEBEN&
), ABZ Impala {588 AT, RBEAE DR LRV BP S Ao Bp e A A W DR R, AN
if, R — A N A RESE A 1R, R4 Hive 84 A8,

2. KEIEITHR A IRF

5 Hive {i FH#Y MapReduce 51 #8437, Impala J5 & k%5 & KBS f70ERE . T Impala —
HALFBirRE, $UT- I EREOAS BHFHE, WASHE JAR BRI L, &
RoCtrng. A ANATRES A A& AT LATEIZ 1T MapReduce £ 5519717 4 _Ei@4T Impala J&
G557 ERETELEMS AT A BB 177 BAUEIEIEFTA 1Y DataNode _FiZ47 Impala, 5
MapReduce FIH AL 5 [ EEAAF . XAk vT LACRIUE Impala REMSE o A% b5 ST A A& 2% 1%
W (EDFTiEMI B A ) SR, X — &I R AT 4201 . Impala 5 H thAbEE 5]
AT w4 rT LA YARN 34858, @il Linux CGroups #& i

3. BEMHIHLITSIEE

Impala /&8 C++ 15 LAY, XFEME Impala S E &%k, RS Impala JERE(E
JAKEHINAE, A% Java Bk BIHLEH] (Garbage Collection, GC) RUAEIRFZMN, i H.,
Impala ¥ 7] UL 5 47 #b R FH 18] &AL S 4 2 CPU #54, DAHEAT SCAHiRAT. CRC32 1%,
Jyilit TVM A Tei 1 ()5 SR R

4. SFLLVMAS{EH

Impala A — 51 & 2 PERE R AL B AR . I 2 B #UIHL (Low Level Virtual Machine,
LLVM) %iiFdcif, $Aifep R ATE 75 3 BB R L L D, X AR LATE 2 AT
[Nk Impala 1R, 56, PLSBHRAEELE (EH Java SCBURFE R HALEE ), AL
fEm CPU MRSy THERE . ook, FoAERIMLERDEE FH TELR CPU (40 Sandy Bridge %
F) SREEIOLEHLE, ReOsREm VO HERE. 2 =, KB &I T ki e R — 1
fr N3, Bra T3 E & NER, ATLL Impala AU BT 3C, 7E4RA KL E
WA, XA P T RE R,
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Impala fJ LLVM GRS AR 5 AT DL i 1% B disable_codegen e3¢ ], X AN # 44 T itk
(IR, ANk i bt T DA it B B A A o 2 1 2 KR Es A

3.7.3 Impala’rfi

SR Impala NS LAEE R RAH Y E 2%, {H08 FS S AH 24 B8, J23) impala-shell (Impala
AT AATHEEN) BERTLAR AN AT 1M,
CONNECT <impalad=EHLA& s ikt & ustil>;

- - Tfiff Impala \Hive TR IR 55 3k 5 T Bop a5 &
INVALIDATE METADATA;

SELECT

*
FROM

foo f JOIN bar b ON (f.fooBarId = b.barId)
WHERE

f.fooval < 500 AND

f.fooval + b.barval < 1000;

RIS E SR Impala, i Hive 31 TocEds, FrdaT TIRAIAEIR, RAZRERH
#J MapReduce fCHSAHLL , KREZEMIIT R E T WEZ SQL A, fRAILINX BAEHEH,

AHLAE Impala A AT IR, E4 T I A I TS In— > EXPLAIN B[R], X — 355 Hive
L, A = AR A TR E 2 AR B Impala S T —A4> MPP 2R & 7%
A1) X {3 FHER Oracle 1 Netezza Z{URIRIERF. 1Ml Hive /A% T MapReduce HY#E 1Tt
X, “EAAEERIES,

A TR A T R A TR R

Estimated Per-Host Requirements: Memory=32.00MB VCores=2
WARNING: The following tables are missing relevant table
and/or column statistics.
default.bar, default.foo

[
|
|
|
|
04:EXCHANGE [PARTITION=UNPARTITIONED] |
| |
02:HASH JOIN [INNER JOIN, BROADCAST] |
| hash predicates: f.fooBarld = b.barId |
other predicates: f.fooval + b.barVal < 1000 |
I
|
|
|
[
|
|
|

|

I

| --03:EXCHANGE [BROADCAST]

[

| ©1:SCAN HDFS [default.bar b]
| partitions=1/1 size=7.61KB
I

00:SCAN HDFS [default.foo f]
partitions=1/1 size=1.04KB
predicates: f.fooval < 500
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FATPTLAES], Tmpala 5 o2 A EHE % foo, JHE A I APV IE AL I8, AR
A T I IR TR R i 08 R R R/ (X — BB Tmpala (EALES TR . 108 #
VEFF i ol e | 2O el 5 3% bar SCIE, AR iR T RINE B4R SC I AR AR O 71 e 75 ob—

Impala 154 —/~ Web J-1Hi, 7E% impalad [ 25 000 ¥ 0 _Eizfr, iX— Web S ER T
T IAIHER (Query Profile), Query Profile 53 if)i+RI2L(L)l, 1HA BAERIAIEMIIT)IGE
o BT RAIK/INZAIN, Query Profile i AL & HAbRY B TIHE B, b andoili B 2 ik
JE . BARRISERR K/, INAFRIE &, TR, 565, X SefE BXHE s A T EREA IR K
EEIN

3.7.4 ImpalafE iz

EANFRATZ AR, {E Hadoop 4T SQL, A4 T LEWLAERE, Hive & i i
JHZI . Bt 2 Hive, 120456 F Impala W22

BAVNA RS E B T R AN E RS, 488, % Hive Al Impala 1Y%
JE, BREMESRAEME, BEARPSIER, Impala btk MapReduce | iz 7Y Hive 21
%, H IR ERFE R A, {HE Impala fE2ES 5 1A 40 Hive, AN HF Hive Y2 F
P (a8 28 B 257 map. struct, array %), Kb, XFZoREtEaeny s, FAMEEML
JH Impala, TCHAEAE FEAH P24 Hadoop [ & Hi44T SQL 2 iAII5, Impala A
VARGFHEEA YR, TR X —T5ek. Ak, [Ranfriydinds 2 2 m8ds (i ka
TB), HB2{#H Impala H75 BAF KT VO, AWML FTEZILA /D, WPy, 1
FEEAN T DL ISR Sk R & i), BAHEFEEIXFERS 5 T Hive, BAMEZHRH
M, EABSIENRE, Impala H4 X FF Hive bR eobipl, Hodh fe 1 B0 — Sk 2
R ER PRI AALBRAY S (X — 5 Impala C2ETF L T). Bk, andomis i 455
G ERARET, IBLIRN DTS M Hive, FE% Hive 5 Impala IR JE, A1 2N
FEPR SRR

Ty~ RN e Y T 2 IR 2 I SO SN SR B O Hive Schmx AN AR ARG B
A RS (A0 BEFFISCAS . Parquet, Avro, RCFile, SequenceFile), L a[LA
E i S B— ATk SerDe  (Serializer/Deserializer) 3 & LAY 4%, (40 JSON),
ifii Impala 2 3+ Hadoop L FYH HISCHEA&K, AN hs B RIS, FEX PG O T,
RIUAE FH Hive B EURRE M AV EAE, 208 1 H Hive FHEUEF4 4 % Hadoop A& RS
A H SRS, FEOEFE Impala SEATACIRACER . BTGB .

HINBEEE, BIRAE Impala 5 Hive i db AT £ A LA B, £ 3 Z Al P R ¥ R
Ry, BT EAERGE R T AR TCEE R %5 . 28R UG, Tmpala AT LLSE Hive i BIEEFY
Hive %, RZINR. VRATTEIENA RGEZ IR THIMNOEEHIRE,

3.8 Ih\g

AREEPIRIEE], AT BARAZEA ST 43 Hadoop ELAF I AT A AL FLS |88, T WA 77
R ERACER 5k T B, SEURRERS A e IR I e G 0E i) TR, ARID R
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MR T HAR LIS MR 2 50k

4 B AT KL T H, J/rgf—Loi WWAHYEnseil, 28 5 EATHAR ER
BRfEEFN APL (40 GraphX F1 Giraph) #nfa/3Z#F Hadoop EIIEIACEET R, Hob, Ki1ES
PR B A PR E RN APT 4nfal 5 B 938 Hadoop BRI R, IRATEF A4 £ BEia it 4714
I8, AN E AR PERFM TR, TR,
e RHadoop
fEEAR AT, RIES —ERTEAT, FILAMRZ A R 1S 0B R B R85,
RIES B &0y AL B S 55008 77 A 7 — 26 8kik, ANk — SRR H 42 it 7 Ab B
Hadoop $(HafY R EZ 41, X B A28 H 15k RHadoop., RHadoop SZhr I t—uk
WA MES, B4 rme (F2HET{EH R 155 S8 MapReduce bz A,

e Apache Mahout

Mahout (http://mahout.apache.org/) & —/-HE il FNLE 22 2 B LBk, a4
W 2L, srde. RS, BARZI AN B bR rI o RATHLES % X B L wT i Ry
LB, At Mahout HE B AL L Fr AT, AL ERX T3 7T LATE Hadoop LiBfT,
B2 T3 FH AL 2% 24 21 89, Mahout Tl B il (45 A0 B H b AT 55 AR P . AR T fif R
% Mahout FFHSEZNIH, 1HS AT TEL (Mahout S24&) °,

¢ Oryx
Oryx (https://github.com/OryxProject/oryx) #&—/~#I|F Lambda (http://lambda-architecture.
net/) ZEAEIBNFEENLE F A N HIIHE . e THH 0, 75 2 EeAEIEHE(E Hadoop
ST g iy R DR S (A s N

e Python
Python /& — 14 Z T MAVIMATIE S, M THEF AR R UL E £ ank, anRiEH 1
Python, AP WTEXANHBR—EMRE 2% AL HEZAE & ik Python /£ Hadoop |
R AT BRI, 3t T X LeHE SR A A 28, 162 WL Uri Laserson It /) A Guide to
Python Frameworks for Hadoop .

{5 B C N ROMB A R A R —— 2T
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B4E

Hadoop#iiE 403218 A SE 3\

TH# T Hadoop EEURMIG R A FMEEE 5 2 5, Bl Tk fE A 3 g5
B LR — 2 W R, ARFSRE DL T AR EAESS, B & Hadoop %k
PEALEE WA IR e, fESSEl EHA @R,

o fikEf (primary key) BERERILRK (AHEE),

o [EHEARAE T,

o HHTI R HIEAE .

BT R, BROSHEMIHELL LAY, HEARE MR, B4 Spark Fil
SQL (%t Impala 5 Hive) B ., FA1FFAHE #E MapReduce FR A HY 2B, X A& B4
MapReduce 7Ei% £ #5 (1) SEBL_E8ChH B 22T, i B AT IE g B AU AL BRAE 22 (40
Spark) FiEiE#S (40 SQL) FEdk,

41 EERX—: KERBRESLR

Hadoop FHEHEZ H A ERERERICT, JHHEAT,

s HEREMNBAATAKE
AR AINRE, BRI R % — DB TR — R BTl T FLACR R S
ARSI ER IR,

. UF R AT S A
HDFS £ 1 “—kBA, ZKER B3I A%, dRAAEURT HDFS KA
5. AR A B, AP ATE Hadoop LABA A X RIERE (S04 L)
PSR, TR AR 2 N B Sk
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ARBEZABAMAEERE —2R R RIS e 2 B IL . HAabRIE R EA 3w (Fean,
F 8 FM A IR R BN THAE KER), IR EFERFIR 2,

S EAEIRE, DRIERERIC AR A o

X RR

IR #E HBase, R kBLX 5 HBase B LAEH A KM, M EF, HBase HJ—/> Region
HAH HFile, Hi @& — AR RIE, IMAFEIER, X B4 50— A&
B/ HFile, $hi7A 3 (compaction) X —{HEIEHREAI L FERY, HBase &£EEAIE, MBRE

SR, mE 4-1 P,

HFile 1
frig 5 11 it
101 Foo A 101
102 Bar B 102
102 Foo C 103

HFile 2
4|

i

IIIEEE#'»’ 101

102
102
103

1]
Foo
Bar
Foo

Foo

I}

N N < <

A I FERIHFle \

4-1 ;. HBase B98I

ERAELL Lorfildr, 301208 T HAh—2G JAIN%, 410 HBase X £HE 2 A S0 He 4

411 EXERGIRIMREHE S R

FEVHEX — A BRG] 20, EeE— AR BRI RS, TR Scala xf
% GenDedupInput, H:Ihfig L H HDFS [y API, £ HDFS G SC:, FHBALLF#0

:La;l:kl_ o

{PrimaryKey}, {timeStamp}, {value}

TIPS A x &cicak, F#A5 y FIARPBUE, XRERE, RiEE x=100 F1y=10,
LAV T A SR ST BB A B k2 10 SR EE BYIL%,

object GenDedupInput {

def main(args:Array[String]): Unit = {

if (args.length == 0) {

println("{outputPath} {numberOfRecords} {numberOfUniqueRecords}")

return

}
115 SCAF il e i i EH S

val outputPath = new Path(args(0))

//Number of records to be written to the file

val numberOfRecords = args(1).toInt

/17 LTI RIBUEA 5L

val numberOfUniqueRecords = args(2).toInt

[ [HTFFHDF ST AR GERY U [ £

Hadoop#t 4L 1218 FSE R
ERttX =R largelove(largelove@163.com) E= EEEhFiR
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val fileSystem = FileSystem.get(new Configuration())

160 — AR op X ywriter
val writer = new BufferedWriter(
new OutputStreamWriter(fileSystem.create(outputPath)))

val r = new Random()

[T IBER5E B AR i S 451

[ 1B T BN G U R R 25 4l =

/1% v 45 % FHnumberOfRecords /number0fUniqueRecordsifiiE

for (1 <- 0 until numberOfRecords) {
val uniqueld = r.nextInt(numberOfUniqueRecords)
[ 1350 kg A : {key}, {timeStamp}, {value}
writer.write(uniqueld + "," + 1 + "," + r.nextInt(10000))
writer.newLine()

}

writer.close()

4.1.2 KRG {FAScalakPSparkEE

BUE, FRM15EH T HDFS Ll ot i 6%, 4% T ok 561k sparkDedupExecution Xt 42 ffrkf
LK HER,

object SparkDedupExecution {
def main(args:Array[String]): Unit = {
if (args.length == 0) {
println("{inputPath} {outputPath}")
return

}

[ EEBEANSHL
val inputPath = args(0)
val outputPath = args(1)

1 /#04&ftSparkfySparkConf ESparkContext

val sparkConf = new SparkConf().setAppName("SparkDedupExecution")
sparkConf.set("spark.cleaner.ttl", "120000");

val sc = new SparkContext(sparkConf)

/ |32 HRHDFS |- iS5
val dedupOriginalDataRDD = sc.hadoopFile(inputPath,
classOf[TextInputFormat],
classOf[LongWritable],
classOf[Text],
1)

[ [ BT BKey -ValuegJE 2

val keyValueRDD = dedupOriginalDataRDD.map(t => {
val splits = t._2.toString.split(",")
(splits(0), (splits(1), splits(2)))})

A
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[ /4% HKeyi fTReduce il , T PR U454 TS HUE R IR B — 450k
val reducedRDD =
keyValueRDD.reduceByKey((a,b) => if (a._1.compareTo(b._1) > 0) a else b)

[ ¥Rk AR T k%X, 75 W BIHDFS |-
reducedRDD
.map(r =>r._ 1+ "," +r. 2. 1+"," +r..2..2)
.saveAsTextFile(outputPath)
}
}

BNV R R, SE—Portrihie. Bkt sREUH P 2%, K SparkContext I #I4ATL
A, LEFATISEHE N HDFS sREUHT A 8 & Il A BE B AR,
val dedupOriginalDataRDD = sc.hadoopFile(inputPath,
classOf[TextInputFormat],
classOf[LongWritable],

classOf[Text],
1)

1E Spark H1, BEARZ MRS R, X RElF{# H hadoopFile() A, LAEHHA 4nfl{f
M A&, a4 MapReduce IV IREEL S, RERS LR PR TextInputFormat, X &
Hadoop I A FEREAY 4 AT, £ Spark & MapReduce {£55 71, {# /il TextInputFormat m[)
P A B fRAr B B R TIOR8 I RATTLIE R AR 55 49 BIARLER ARk .

TR — BRI E ek —> map() BA%L:

val keyValueRDD = dedupOriginalDataRDD.map(t => {
val splits = t._2.toString.split(",")
(splits(0), (splits(1), splits(2)))})

DL BRI S AEAR RIS Worker BIFATHAT, KR A BIIC T AT B key F1 value 20 1Y
Tuple ¥4,

X PP (E SR IE R SR SR AT Y, A1 & I F reduceByKey() 5k, ARIE Tk A4S
SCRTLAE IR, {#H reduceByKey() T THEE—A key,

Bk, LEFA55ETIA reduceByKey () FUCHD FEX .

val reducedRDD =
keyValueRDD.reduceByKey((a,b) => if (a._1.compareTo(b._1) > 0) a else b)

reduceByKey() Sk HUE NS, ZERBEA — L —AWAE, Fl—/ R ZEE
{H, reduceByKey() Y H A/ & [l —1 key YT A value, (EHIASETHRIREIF, %
ERA AT UL Bt — A BRI AN B, DRI ES . TEARGIH, Hathiy a fib &5 d, &
Bl P RRI—A . TRl 1EARYE E U EIE4T Reduce #1E, XA BB LAWRIR &
—A A i, ik, X BT R BRI E TR X E,

B — o ARG 25 A E 5 18] HDFS,

reducedRDD
map(r =>r._1+"," +r. 2.1+ "," +r..2..2)
.saveAsTextFile(outputPath)
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sEIXA:, Spark HIREA 4 CHG B T — A AESCARRE A, 3X 5 MapReduce {5580 T)A
W1, hEE—A mapper X Reducer i tH— /> SCHERIHLHIFRILL

4.1.3 RERHG): FASQLEMEE

BAELEFRATI6E ] SQL T2 2 —— 9 A 156, A& (] HiveQL SEEL L EH, ARFEII/RHG
1E Hive #l Impala F¥5&E ., &6, Tl —544E € XiES (Data Definition Language,
DDL) B4 RSB s BB m e

CREATE EXTERNAL TABLE COMPACTION_TABLE (
PRIMARY_KEY STRING,
TIME_STAMP BIGINT,
EVENT_VALUE STRING
)
ROW FORMAT DELIMITED FIELDS TERMINATED BY ','
STORED AS TEXTFILE
LOCATION 'compaction_data';

PR T 5K, BTk, IERAMEEESIT R ERIEED.

SELECT
A.PRIMARY_KEY,
A.TIME_STAMP,
MAX(A.EVENT_VALUE)
FROM COMPACTION_TABLE A JOIN (

SELECT

PRIMARY_KEY AS P_KEY,

MAX(TIME_STAMP) as TIME_SP

FROM COMPACTION_TABLE

GROUP BY PRIMARY_KEY

) B
WHERE A.PRIMARY_KEY = B.P_KEY AND A.TIME_STAMP = B.TIME_SP
GROUP BY A.PRIMARY_KEY, A.TIME_STAMP

EXE, FROHST T WERY SQL #&if), NJE SELECT A iR 1R A A& SR B b Bt TIME_
STAMP [ BiT /5 AN [ fJ PRIMARY_KEY 5%, #1ME 1) SELECT iBA) IR HE P )2 SELECT 1E4A) 2 i
SEHL, HUH G B (A BBt EVENT_VALUE [H, B4h, BEEEMZ, 148 MAX() sKREL EVENT_
VALUE i fe KM, X2 BATRMT AT 2R A E, an R [E— A [ 8T8 P81~ EVENT_
VALUE, JBAFA TEEEBE KNI EA X ERIIER,

42 BEXZ:. #EFESH

JHe % (windowing function) ZHpHeT— WIS H (FANKEE IR ), £ RIS
fEPA AT R R X PPALER YT RESR K H & Z .

o FEERAT, FFE R BOT DL RIRFF SIS I AS 2 1L

o (EMRIEG WU, TR RR AT DA T S T TR

o JFE B AT TR PR, HET R AT AR IR PR A .

o EWERRAUS, TR ERBCT AR TR B FOME T2 L KT R
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AV b U — D R BPRIRA ST BB G . S HBEOTRAT & SR, PRARIES:
s R, mlE LR AROTHE & TR G AR i i Id % . RN S 2%, 47
AR P I X AR T e T AR R s T T o, ANl 4-2 B,

90 A& BET A A Tk
80
70

60

50
40 o
30
20

10

1 2 3 4 5 6 7 8 9 10

B4-2: —REBARENESHNEESHES

S T HHEA G PR AR, X AR AR SRR — AR

R, XE—/RBAYEIT, SQL Fi Spark #BelLASZEL, BE&EITFE 44 H#iE 2%, SQL &
WA A KIE .

421 HERFESTRITRGIEHE
BETREMOE NN HEE, HRSEAW BT, TR, RKOFREME. LR
R AZ S E— % 3EA &k T2 (numberOfRecords F[1 numberOfUniquelds) #H[q|,
Ak, XBEPAENIERSHAE,
o 4
TR AT AR . Filan: BEEEMS (stock ticker symbol) il Al LAZ—A~
EHE, FHEESHET number0ofUniquelds i A%,
o MEIHE
TEAE IR, B SKidsx — 5 B EUE S 2 ME—1,
o FHRUL
HEMNTESE -TRVLUICRES, B B THERIUE,

LEFRATR — T A MR A AURD

def main(args: Array[String]): Unit = {
if (args.length == 0) {
println("{outputPath} {numberOfRecords} {numberOfUniqueIds}")
return

}
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val outputPath = new Path(args(0))
val numberOfRecords = args(1).toInt
val numberOfUniquelds = args(2).toInt

val fileSystem = FileSystem.get(new Configuration())

val writer =
new BufferedWriter( new OutputStreamWriter(fileSystem.create(outputPath)))

val r = new Random()

var direction = 1
var directionCounter = r.nextInt(numberOfUniquelds * 10)
var currentPointer = 0
for (1 <- 0 until numberOfRecords) {
val uniqueld = r.nextInt(numberOfUniquelds)

currentPointer = currentPointer + direction
directionCounter = directionCounter - 1
if (directionCounter == 0) {
var directionCounter = r.nextInt(numberOfUniquelds * 10)
direction = direction * -1

}

writer.write(uniqueld + + 1+ + currentPointer)
writer.newlLine()

}

writer.close()

}

4.2.2 HKAARG): {ERSparks TR SER{KS

BUAE, EBATRIGEM Spark KIX —EXMRED, TEARIDTA R, BIOSE
JEHFEATRA IR, B PR e,

LU ACHS R LAFE SparkPeaksAndValleysExecution.scala 3C: k3 .

object SparkPeaksAndValleysExecution {
def main(args: Array[String]): Unit = {
if (args.length == 0) {
println("{inputPath} {outputPath} {numberOfPartitions}")
return

}

val inputPath = args(0)

val outputPath = args(1)

val numberOfPartitions = args(2).tolnt

val sparkConf = new SparkConf().setAppName("SparkTimeSeriesExecution")
sparkConf.set("spark.cleaner.ttl", "120000");

val sc = new SparkContext(sparkConf)
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[1BAR SR @
var originalDataRDD = sc.hadoopFile(inputPath,
classOf[TextInputFormat],
classOf[LongWritable],
classOf[Text],
1).map(r => {
val splits = r._2.toString.split(",")
(new DataKey(splits(0), splits(1l).toLong), splits(2).toInt)
b

[ 13T sy X, P A:Partitioner iy @
val partitioner = new Partitioner {
override def numPartitions: Int = numberOfPartitions

override def getPartition(key: Any): Int = {
Math.abs(key.asInstanceOf[DataKey].uniqueld.hashCode() % numPartitions)
}
}

[ XFHYT ©
val partedSortedRDD =
new ShuffledRDD[DataKey, Int, Int](
originalDataRDD,
partitioner).setKeyOrdering(implicitly[Ordering[DataKey]])

/1§ FiMapPar titionf (T & 1E @
val pivotPointRDD = partedSortedRDD.mapPartitions(it => {

val results = new mutable.MutableList[PivotPoint]

[IRFEETX @

var lastUniqueld = "foobar"

var lastRecord: (DataKey, Int) = null

var lastlLastRecord: (DataKey, Int) = null

var position = 0

it.foreach( r => {
position = position + 1

if (!lastUniqueld.equals(r._1.uniqueld)) {

lastRecord = null
lastLastRecord = null

}

[ AR SR e 5 A S
if (lastRecord != null && lastlLastRecord != null) { @
if (lastRecord._2 < r._2 && lastRecord._2 < lastlLastRecord._2) {
results.+=(new PivotPoint(r._1.uniqueld,
position,
lastRecord._1.eventTime,
lastRecord._2,
false))
} else if (lastRecord._2 > r._2 && lastRecord._2 > lastlLastRecord._2) {
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results.+=(new PivotPoint(r._1.uniqueld,
position,
lastRecord._1.eventTime,
lastRecord._2,
true))
}

}
lastUniqueld

lastLastRecord
lastRecord = r

r._1.uniqueld
= lastRecord

b

results.iterator

b

/1A
pivotPointRDD.map(r => { @
val pivotType = if (r.isPeak) "peak" else "valley"
r.uniqueld + "," +
r.position + "," +
r.eventTime + "," +
r.eventValue + ","
pivotType
} ).saveAsTextFile(outputPath)

+

class DataKey(val uniqueld:String, val eventTime:Long)
extends Serializable with Comparable[DataKey] {
override def compareTo(other:DataKey): Int = {
val comparel = uniqueld.compareTo(other.uniqueld)
if (comparel == 0) {
eventTime.compareTo(other.eventTime)
} else {
comparel
}
}
}

class PivotPoint(val uniqueld: String,
val position:Int,
val eventTime:Long,
val eventValue:Int,
val isPeak:Boolean) extends Serializable {}

}
Q X BT 4K ZEULRY, SRR AL, T A 5 AL BRI 4

O R B HIF A RA ., (e X T —/> Partition, iX57F MapReduce ZwfEH
Bl —A~ B € X Partitioner 2:{l), Partition fU{EFH&fE Shuffle XoFR 5 WB— 4510
ey Be BB —A4~ Worker, fEiXH, A 152E H & X Partitioner, [ key j& i primary_
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key Fil position BB 20 Y, FA 17 LHEFREVE RN % FEp &, {0 232 8 primary_
key 7y[X., Rk, HitanE 4-3 Pior,

© X AT Shuffle #:4FE, 2 X FHXEAEHET . H#&, Spark 1.3 & T —4~ %74 reparti
tionAndSortWithinPartitions() fYAE {57k, REMEZERIRNTITTEIIBhRE, (H2FRA1E A
HY/& Spark 1.2 BURRA, TREFEhLHX — Shuffle ot 2,

O 7£ mapPartition() Fi%km, primary_key SSARYENL B ASE R IFlEiTiH G, X BEdhgk
BRI R T .

O H THRASAR W m LR, HE R BT B primary_key, FATH BT 3XEBR
T, FE, A TEEEIRN SIS, BMFEME Y arid ke mS Empid
. B, XHEAGA A4S & currentRow, lastRow, lastLastRow, FRA1wlLLid T Ebs
lastRow SHAMF N BHIE, 7T lastRow & ElElb A KA .

O HATEREE, WA n kI T BRI EE S s .

@O Xt o, il b5 A HDFS A,

i

o [ a1 A ][ e |
B

[ 82 |[ 86 |

B 4-3: HIESERBRESPHINRRH. X8, BAIRSTHEFINDRITHTE, XHHIUE
PO TAENMEIRT Worker SN2, S TRFIINNNEHDNHE—TEHZA

4.2.3 KERE): FEHASALAEENSIEMES
HAVFERIIT, Bl 18 A TR G A T3

CREATE EXTERNAL TABLE PEAK_AND_VALLEY_TABLE (
PRIMARY_KEY STRING,
POSITION BIGINT,
EVENT_VALUE BIGINT
)
ROW FROMAT DELIMITED FIELDS TERMINATED BY ','
STORED AS TEXTFILE
LOCATION 'PeakAndValleyData';

B T PR SR A 2 5, B TR EAHE R, FE(E T Lead ) 1 Lag() BRI i
STlty £ R X,
SELECT (1)
PRIMARY_KEY,

POSITION,
EVENT_VALUE,
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CASE
WHEN LEAD_EVENT_VALUE is null or LAG_EVENT_VALUE is null THEN 'EDGE'
WHEN
EVENT_VALUE < LEAD_EVENT_VALUE AND EVENT_VALUE < LAG_EVENT_VALUE
THEN
'VALLEY'
WHEN
EVENT_VALUE > LEAD_EVENT_VALUE AND EVENT_VALUE > LAG_EVENT_VALUE
THEN
'PEAK'
ELSE'SLOPE'
END AS POINT_TYPE
FROM
(
SELECT (2]
PRIMARY_KEY,
POSITION,
EVENT_VALUE,
LEAD(EVENT_VALUE, 1, null)
OVER(PARTITION BY PRIMARY_KEY ORDER BY POSITION) AS LEAD_EVENT_VALUE,
LAG(EVENT_VALUE, 1, null)
OVER(PARTITION BY PRIMARY_KEY ORDER BY POSITION) AS LAG_EVENT_VALUE
FROM PEAK_AND_VALLEY_TABLE
) A

HARIXA) SQL IR BEE %, B PRTEZEHR O R AR

O EHIT T B EIRZE, BOHE FHSEFREE. —KidRh s TRENE
HPE B FRATATEAERX RICRFINLL T LAY . % (Al %3 1A B e sed s — A
F) . el (RTERIES LA RIEZ D) . RE (RERIES L RIESR) . #5k (Af
JRWHEE 2B AR E R, AR RIS

@ X AT, RATHITESEIF & RZ AR, 1A SR Y RiE 2 B2 5 B E AR
—A7. [ 4-4 PR X 4% 1A T R B AR HH o

A29
B1,2
B,3,6
A44
A51
A6,1
B,8,1
B,7,1

A29
A4A
A51

A2,94-1
A4454
A51.1,4

B,1,2
B3,6 B,3,6,12
B,7,1 B,7,6,12
B8, B,8,1,-1,1

11 12161'

III?III
GG
§
R

B 4-4: FIRTEBRNRMARRL: B-PRBHNRZTE, 8TFFI-T4H, ARREUHLLE
BIRFP#HITANRR; BENE-TSHHRITT S, NEZANZERENSHNE, XU
BRENNSENRS
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BO&EHSE saQL

A SQL fRAS L Spark [ SEBLHE A i, KK Al RES 5t #3(5 F SQL L
BRME L, (HERAMPBARFEE % B SQL ()RR, i FH SQL $h47 £ itk B 2=
wWHERIE, BWRERFHEEHANE A%, I T VO, [FIRh R
TERE, 5 Spark M SR — Kk HEF, AT B) Java B Scala 42
HEAThRERA T N IR T PHRAE, FHE BIRAETE N TR A THRIE,

4.3 BERX=: EFHNEEIHEH
AERGE—NHFESERTEm A R EEE ek, EX—0Fd, Fi1ETFEEERIC
X, HMREETRIHBRER,

R AY—KI0TF TR A O80T R K 22280t R),, R HE—A~ SR 915 B UL B TG FnES SR i)

SRR, ZnlEl 4-5 s,
ik \

PKey  JFAAIHE &5 A
Apple 12/01/2014 null 4
Apple 11/25/2014  12/01/2014 4
Apple 11/20/2014  11/25/2014 40

4-5 ;. —EY[EA Apple ATRFBINIS
FHAAFNEE AT ) REAE AR IR — SR 1L R AR AR A X TA) . AR SN 1) 4 null, S ik Bk 6 1%
IR A SRR, £ LI Erh, BATTELRE] Apple 24wl SR HI 4%
42 £It.
B Z MR (RN (IR SE R . Al 4-6 FoR, FRSEiRIN— R 0h& 4 43 ETTHIRTIC M,
AT — SRR AIERIT R, RSO FTIC R AT AR R B TS R R i —
A RITT AR T HRYIL R,

ks \

PKey  JFaalttii &5 {1

Cheple 2050wl 4
Apple  12/01/2014 [12/052014 4

Apple 11/25/2014  12/01/2014 4
Apple 11/20/2014  11/25/2014 40

4-6 : [ Apple NBIREMERPRN—RIFNCR
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Fm LA, X P AMRE AR, Sehr bR Sdn R E RS LT RE SRR A
T HETORRITHESIE e —LE PRI R 77 2.

4.3.1 FIFHBaseRIRR A 431

Fr it e A5 B — b W5 2k R R 10 A7 i HBase 2 AN HliA . HBase SR id kAU
BLAZ A RAS T RAF . RATESIX — BR0E S, 42 IS [ Beq e ez, Rk,
PRAT AR B AR RN i) ST T R (B

AR TS SRR P, REMB TR IR BT ME . SR, BRI SERRAS I PERES A —
LEE, AEAT R R R SR B R I, PEREBRFA A ..
RIUHIFHERIERANE , XA RCAFERE T — MLl BARIR BT A RAS AR . an
RIRAKRZE , 2R ESARE .

BRI, drrh RO, BRI — 4510 I, HBase 23 4% %4> 64 KB (1)
HFile §fE A TN h . 2R B EBIRZ, IBASAFhEVERIRA W RER 1L RAH
flbhiAs, AR RSP AR IL R

G, XA BRI A BT A NS RN B PR AFAE R — S5 id kb . BT fR— A RRAS )
FHGFNEE R A], IRAFFEZ WA RAIL R,

4.3.2 RlLieFFESHFiaETE1EHBaserI1TE

o T £ HBase 1[5l — i s v (R A7 R A6 F0 45 SR I 1], Fe A 1°KF €1 2 — 4~ iy RecordKey F0
StartTime MY RRAVLH A, 5 ZATHERIAI 2 A IR T Z AR, X8 L RSB —
AFI SR i 5 R IR ],

{E&:, RowKey HHITF4ANT RIS RI RI B R s, DAPRTIEF2 e M GET 3 [H A -4ES

Rk, Hhn—4hR AR e &, X EEEHTNT B, &9, LA Recordkey 1EAfd4h
RowKey AT 4T, 15345 € RecordKey X b M ATk AIIEE, MAX—ERZ)E, #
TRERATIK put B S Er 24 BRI ISR, ARG In— 8 24 AR,
RIS EN AR A IO, PR REEEELL RecordKey FIF5 & N R W R FE 1B A 47 8EdE AT 04T
RN,

X — 5 RAE R AR R A e e B 7 5 AR E— E R RIS, (H AL AT AP 3 gk B 3 —
WA, HER—47 R RN R, AR B, XFEEERHA—KICFKB NN get i
put #1E,

4.3.3 EEHDFSHIEE#HEAN K

AR FE (4 Fl HBase, Sl HDFS 1B s2B 5 %, AR i) 35 256 A WO B g 17 fi% 21
HDFS I, #ZBENEEERI R (an—KPt7—k) SRBGHEGERT, REEEZ=ansr,
X EEA RN, Ait, 8B Hadoop Fdi 1wl A% O A N 5 TB 2k %L
2., BEEBIRERE R, R TUMEB—EeHi R, b x—PAaTd e, 26115, RATLA
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R E I RTIC TSRS SR o X, SRR SRS HE X — T %

4.3.4 FIAHDFSERS XIFMEYANICRKMAEICFHE

f£ HDFS L, X —/ B WP RIME : FR 28 i AR IR B — o CH,
Hote 3 LRI B T A A Kb X AR LLRE B HGFHIRAS, A & Bl
T OoREHTIC OB N LB fE M 43 X BT,

KPR B R AFALAE THRATIR R AN E G, A S5 D0 S hRA Bt A b 4

BTk, BATEXFP T SR, [RIREAE 5 BI{E A Spark F1 SQL # P T H RS2 8L,
HHE R E R, A1 AR, BEdRE, S0 mME— ID, FikAt
I I FNBEHLEE A B . Ak, XA BT (5 IR S TR 8 B ey e A T2k
Bt (hn Z miriiR IR SR )

4.3.5 AR BT E SRR G EE

e EAMR R B TEEE, QU T A 2 & 8, [RIFR(E H Scala A1 HDFS 3¢
AL APL,

def main(args: Array[String]): Unit = {
if (args.length == 0) {
println("{outputPath} {numberOfRecords} {numberOfUniqueRecords} {startTime}")
return

}

val outputPath = new Path(args(0))

val numberOfRecords = args(1).toInt

val numberOfUniqueRecords = args(2).toInt
val startTime = args(3).tolnt

val fileSystem = FileSystem.get(new Configuration())
val writer =
new BufferedWriter(new OutputStreamWriter(fileSystem.create(outputPath)))

val r = new Random

for (1 <- 0 until numberOfRecords) {
val uniqueld = r.nextInt(numberOfUniqueRecords)
val madeUpValue = r.nextInt(1000)
val eventTime = 1 + startTime

writer.write(uniqueld + "," + eventTime + "," + madeUpValue)
writer.newLine()

}

writer.close()

}
AT A D, RS BB Bt R 5 2 i (il O Bt 2k B ARG AR A 2600,
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4.3.6 KRB {ERSparkE it E 75 HiE

WAE, 1EFRAISEHE Spark FCADAYELARSZEL, T i dn (Al 4% BE I 1A] 5 71 Bt A 1 Ik () 128 47
Sy XIS H, R A LALE SparkTimeSeriesExecution iX — Scala %4 ) GitHub W& {CHT A
B, XRATRRKREINRG, ROTRE ST,

object SparkTimeSeriesExecution {
def main(args: Array[String]): Unit = {
if (args.length == 0) {

println("{newDatalnputPath} " +
"{outputPath} " +
"{numberOfPartitions}")

println("or")

println("{newDataInputPath} " +
"{existingTimeSeriesDatalnputPath} " +
"{outputPath} " +
"{numberOfPartitions}")

return

}

val newDatalnputPath = args(0)

val existingTimeSeriesDataInputPath = if (args.length == 4) args(1) else null
val outputPath = args(args.length - 2)

val numberOfPartitions = args(args.length - 1).toInt

val sparkConf = new SparkConf().setAppName("SparkTimeSeriesExecution")
sparkConf.set("spark.cleaner.ttl", "120000");

val sc = new SparkContext(sparkConf)

/ | AHDF SR a5
var unendedRecordsRDD = sc.hadoopFile(newDataInputPath, @
classOf[TextInputFormat],
classOf[LongWritable],
classOf[Text],
1).map(r => {
val splits = r._2.toString.split(",")

(new TimeDataKey(splits(0), splits(1).tolLong),
new TimeDataValue(-1, splits(2)))
b

var endedRecordsRDD:RDD[(TimeDataKey, TimeDataValue)] = null

/B, W A RYIE
if (existingTimeSeriesDatalnputPath != null) { (2]
val existingDataRDD = sc.hadoopFile(existingTimeSeriesDataInputPath,

classOf[TextInputFormat],
classOf[LongWritable],
classOf[Text],
1).map(r => {
val splits = r._2.toString.split(",")
(new TimeDataKey(splits(0), splits(1).toLong),
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new TimeDataValue(splits(2).toLong, splits(3)))
b

unendedRecordsRDD = unendedRecordsRDD
.union(existingDataRDD.filter(r => r._2.endTime == -1))

endedRecordsRDD = existingDataRDD.filter(r => r._2.endTime > -1)
}

17 ARG Bz iPartitioner
val partitioner = new Partitioner { &
override def numPartitions: Int = numberOfPartitions

override def getPartition(key: Any): Int = {
Math.abs(
key.asInstanceOf[TimeDataKey].uniqueld.hashCode() % numPartitions)
}
}

val partedSortedRDD =
new ShuffledRDD[TimeDataKey, TimeDataValue, TimeDataValue](
unendedRecordsRDD,
partitioner).setKeyOrdering(implicitly[Ordering[TimeDataKey]])

1138 Do —A~ FE 5, B OR A5 R O (B L SE T
var updatedEndedRecords = partedSortedRDD.mapPartitions(it => { @
val results = new mutable.MutableList[(TimeDataKey, TimeDataValue)]

var lastUniqueld = "foobar"
var lastRecord: (TimeDataKey, TimeDataValue) = null

it.foreach(r => {
if (!r._1.uniqueld.equals(lastUniqueld)) {
if (lastRecord != null) {
results.+=(lastRecord)
}
lastUniqueld = r._1.uniqueld
lastRecord = null
} else {
if (lastRecord != null) {
lastRecord._2.endTime = r._1.startTime
results.+=(lastRecord)
}
}
lastRecord = r
b
if (lastRecord != null) {
results.+=(lastRecord)
}
results.iterator

b

[ 1FEANCAELERYIE
if (endedRecordsRDD != null) { @
updatedEndedRecords = updatedEndedRecords.union(endedRecordsRDD)
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}

[ 1R ALEE R HEOR A7 ZEHDFS

updatedEndedRecords (6)
.map(r => r._1.uniqueld + "," +
r._l.startTime + "," +
r._2.endTime + "," +
r._2.data)
.saveAsTextFile(outputPath)

}

class TimeDataKey(val uniqueld:String, val startTime:Long)
extends Serializable with Comparable[TimeDataKey] {
override def compareTo(other:TimeDataKey): Int = {
val comparel = uniqueld.compareTo(other.uniqueld)
if (comparel == 0) {
startTime.compareTo(other.startTime)
} else {
comparel
}
}
}

class TimeDataValue(var endTime:Long, val data:String) extends Serializable {}

}

O 5ZaiREl—F#E, X—i5 ) HDFS {SBGH A E4E

O X SARE Z AT REIARE ., EAGIFR, A RTREAREdE, el HDFS
CAERP IR, EiXx B, 1A% HDFS £ i IR R B ErE, A BARTEE —
EINid okt , HDFS £ A IEIRERLZN, FE, NS TIEEITA endTine {HIYID
T3, XAERAFRNIAF L 2R H L0t 5 £eRY Shuffle i 2, Fl it MBI AT
HEFFZE 3, AR ME A I Sl

© S5dEEE ARSI RG], TAIFE—/HE XY Partition FiI Shuffle, HE4HE
EFEEI R key HE, UAIALEE G20 A E], X BP0 X IRIE S e —8. 1%
H primaryKey 43X, #%H& primaryKey fl startTime FYZHAHER .

O 7Eix Bl [ %—/> primaryKey, F#IC st N A4S HIHA]

O X—PIAUEH unton() ik, KHHH endTime HEAF LKA I B LER T,

O 5Ja, FATEE LRSS Ry HDFS |,

4.3.7 KERHI: (ERASQLEHR E FF 5| &

S5 2Zai2M0, IRMEREREIRENIRE, {4t Hive 8¢ Impala £/, XA-BIT-2HMKE,
— At CAFIERIR R AR, B—A A arisk,

CREATE EXTERNAL TABLE EXISTING_TIME_SERIES_TABLE (
PRIMARY_KEY STRING,
EFFECTIVE_DT BIGINT,
EXPIRED_DT BIGINT,
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EVENT_VALUE STRING

)
ROW FORMAT DELIMITED FIELDS TERMINATED BY ','

STORMED AS TEXTFILE
LOCATION 'ExistingTimeSeriesData';

CREATE EXTERNAL TABLE NEW_TIME_SERIES_TABLE (
PRIMARY_KEY STRING,
EFFECTIVE_DT BIGINT,
EVENT_VALUE STRING

)
ROW FORMAT DELIMITED FIELDS TERMINATED BY ','

STORMED AS TEXTFILE
LOCATION 'NewTimeSeriesData';

Xk FARE 2L, NG E A I 0 WX —F B,

EE, EXbM A, RSB ELTIX, tbanhYmricsmin
FIEFE S K, XA R IR B BIBLE 2 A 23 H BT 3, Eh
ITHIRE AR X SRR, M R R BIR L T IR IRIC %, ML NEW_
TIME_SERIES_TABLE & (T L TC s I A T B R AL,

BH, METHICRAWES, s Ricsul & T E iR,

BUE, LEFRMTRIE X Sk A A B — A & BRI LR I R 3R

SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
CASE
WHEN LEAD(EFFECTIVE_DT, 1, null)
OVER
(PARTITION BY PRIMARY_KEY ORDER BY EFFECTIVE_DT)
IS NULL THEN NULL
ELSE LEAD(EFFECTIVE_DT, 1, null)
OVER
(PARTITION BY PRIMARY_KEY ORDER BY EFFECTIVE_DT)
END AS EXPIRED_DT,
EVENT_VALUE
FROM (
SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
EVENT_VALUE
FROM
EXISTING_TIME_SERIES_TABLE
WHERE
EXPIRED_DT IS NULL
UNION ALL
SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
EVENT_VALUE
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FROM NEW_TIME_SERIES_TABLE
) sub_1
UNION ALL
SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
EXPIRED_DT,
EVENT_VALUE
FROM
EXISTING_TIME_SERIES_TABLE
WHERE
EXPIRED_DT IS NOT NULL

X YR EIRIER, RO IR, BIMNEREMAS SELECT IR A& fE—#2, i
T —/~ SELECT JEAYAbER CAF R Y RTic R A i ic o, FIRTBLL & S 8id k., e —
A~ SELECT i APkt tH 24 3mvic . anRli TR B0 X Rng, IBLINERIE
A SELECT IBAEANTREE T,

X B R SE — /> SELECT &4y, an MRS R BER, FAERHAMARIKA . &
IV {1 EXISTING_TIME_SERIES_TABLE K v (Y228 H IR IC R, BOATRATAN TR 24X L6450
PEBEATHEFAES 1 R BR A

SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
EVENT_VALUE
FROM
EXISTING_TIME_SERIES_TABLE
WHERE
EXPIRED_DT IS NULL
UNION ALL
SELECT
PRIMARY_KEY,
EFFECTIVE_DT,
EVENT_VALUE
FROM NEW_TIME_SERIES_TABLE

NP SELECT A= &S Rt I 8oy X, Jfi MR PR HE . £ H, i
FZIEXH—ARE: e - E)E, XKL se SR KRR B, TS AR
7 RERREFEN, BLXFKILFFAARIOLTK . LT RERRIRED B,

PRIMARY_KEY,
EFFECTIVE_DT,
CASE
WHEN LEAD(EFFECTIVE_DT, 1, null)
OVER
(PARTITION BY PRIMARY_KEY ORDER BY EFFECTIVE_DT)
IS NULL THEN NULL
ELSE LEAD(EFFECTIVE_DT, 1, null)
OVER
(PARTITION BY PRIMARY_KEY ORDER BY EFFECTIVE_DT)
END AS EXPIRED_DT,
EVENT_VALUE

A
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PRI, X HTHe — N BOA R 2R A IR, (HRS Spark FUKRDELEESR, B E AR
o ERXFMEILT, Spark 8 SQL #BA A RATESE, HEFEME— NI T THAE 4

4.4 ING

BEE—TT, AEMAH TUATJLEASR,

* {E Hadoop -ffi ] Spark 11 SQL "JLAMEAT—LELLEE JRAALEE,

o 1T %| Hadoop LY, fRAN43FH SQL, ks E, SQL £ Hadoop “F- &5 B8R & 5K 1Y

BARACPRFEAR s> Hrih S . X — i S ESEREH RS 3L,
o AT AR CHARG A8, AR TS HT AR R 2,
Fiti & #7% T H (40 Impala 11 Hive on Spark) FJ5IA, SQL-on-Hadoop T.H 2l Rk i® K,
AT FE MR- %, SQL HASEUR Spark & A ACFRAESS, 41f1 & J& ) Hadoop
TREFLETHREA TE, FHERE S P S A e & A dEn LA,
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BOE

Hadoop Bl AbE

FE58 3 Fh, FATEHE T T Hadoop £t AL FRAY T H, [HEEA THE S —Fi2 AW
Hadoop #fiEACH . B HEALER, IAE, BIEIRACB Y TR Z BRI, i HARE
R R SRR T AL S, PrLAFRAT S A 55 Sk 1HE Hadoop EIAHRALEE, —
S A B AL PR ZE B R R 5 B rp I T HE &, AR W2 RO N A, fEB 2
ahERTE RAE RS, DI, 5%,

51 ft4ARHE

TR E AL — R ZEME SR, FrUETHE AT E SR TR 251, Fl1ERE—
TREBAENE S, T RIRMNES T 28 BdReE, ULk EEHRCE S B BIRA 1hE
ER1N

TeExS, ‘B UARRIRELE L, 'BALAFE BExcel TE AR &E . UF B & 0k
B, AREBETHEWEHA RGN Em, FRMNETHENE R OEmMmES, BIm..
(vertex) F1iZ (edge),

PRATREAE_L2Fmui it 8 ad, = AIERIISHARIETIUS, MBS S Z A& o FR7E
W, wE 5-1 fon, YRR TEEFANRZ)E, 10T RE—P222],
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51: WEMKR

RARNHMSE —T LERNE, S0 A8RNn—EE 8, REESARE TN,
AR RE XA N — L5 8, A& FLAR 5] GX R UL T A Person), IL7E,
AL DEIN—LEE B, HAMEM A ZRR R, ZEFEATUE TR,
HEILH, K. BEELUREF 2RISR (A 5-2),

5-2 . BiERMNEIRMAL

{HA X 15 BABSRANE . FoA1%0E Karen A& TJ BUBEE, {HAZ TI AR[REd A Karen HUBLE,
i HFA 15058 Andrew Bt L2 CENELEE), {H2 CENEkEE) AW HEH Andrew, LA, %
TRILAR A B E—AT5 1R, X Rt iR T BRI, 8R4k 5-3 s,
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B 5-3 : BRARZEBRXANL

XAEREAS T BMERNHERX KB EL N ZHEAT RIS, hbrE iR ITHEER
BTN .

52 {t42ENIE

FEREEEGE T, BT 2R B, "TRES I EFE SN, X558 &9
(graph querying) FTE&MEBAAR, ERIEHAIREH P RHFE (b, “S
Karen A7 7) WA SHAT, ZEERIEBILT P ERHIAT.

(1) AR Karen BY5L, DAR S AER AR
(2) 3 Iy B — SR I AR BIHH BLFA 5
(3) BB P EERTIR,

fEixH, B RGBT E B ERA AR, WAHEIAL “HH T APk i) Top 57,

HEBARAALL, XA R &SRR P R Z AR &, AR R B Sk

TR LIRS EBERC B B LR, PR T Ll s — A& o U ) 2%

LT HBase FIRRAF i, R TABRE A st vl LL7 O 54 P A 1A,

X LR AE S Br 2 (51 v B R A0 T TR

o RATDHEMSEE AR RIE, MU A, B, RT LAt T & Fh o .
Google J T HHAR R R HE A 125 A5 1) PageRank jght— A1+

o RTINS PN , #EEE IS — R AR BB B . Bedn, R T AR E — A
R VA D PN N %
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AR TSGR A X EE R R R . A4, An{al I Hadoop 59 v 280 66 T 44
HY . PERERR w5 1R iR Do 2 [ RBIWE ?

5.3 HmXRFERHIELE

T FE2AU, Hadoop 2 219 R G0 P AT X B8 HE A0 B, FRATT9E M MapReduce FF 45, [A]/8
/& MapReduce REEfEHE— B & FH, XRWIRNTAE MR REEZ —HRO I E KR, *HT
AFEREBINRUL, XAGHEE, FoARPEZREERE AR, FERGHERLEZ )G
AREEBIRL . B, HERASIEANGIRE, FEARRIELL R 2 R Ak, 8
H MapReduce 347 B E0HEACHE 2 X AEY, MapReduce At Al RESLEPRARSE, B 5-4 HhTy
BUA—AKELT “HEER” BRG], TR s aeI N, s> S B e 5 —4
MapReduce 1155, %52 FFAHER G2 X AR TR,

5-4 ; 7 MapReduce B, BRIRNEHLE

BHiRE S — RS EE R EA BB R, IR EhE &,

SE4TF, Google MY E F— kP& WX AMHN], MAf MapReduce HEZEH mapper 2[RI A RE
WAERE O, XA 0 BB T Hadoop X FEMI A AR ARG R IRAEH BT, B el
TR T [R5 ra Rl b e A SR . R B A B 2 R PeX A (e ? a2 b T 1HR3 T B AT
J5 1 L% [R) 20 R B S, i A 23 %% %) mapper PRI

5.3.1 REHHITEE

WL, TAVEFEARECR R D ACE M XATHE “mapper Z RIANRERIE" AUFLNINE? Sk A&
KA R E T REHLFH K Leslie Valiant 24t T /Mg 54, e 20 20 90 £ EIE T
Be[Rl 2 H47#5 % (Bulk Synchronous Parallel, BSP), BSP #i%4 IF & Google E| b PR il e 75
2% Pregel B0,

BSP YRR AET A%, R SR, BLgE T kA& {E—> superstep Z NPT A NI 4L
PEALHAE S5 o X Bl A B A PR G FERE NS T AH KX TH B, L& E] 4> superstep Ff
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A2 HT A REAL P B . 3X 2 superstep YA HATTH LR D SAIEE . DA RI
AT AL BRAE S5 #B5E . I H. 241 superstep (B E R KIXE )G, AXFHET 4
superstep, 1% Rl AA RGBT, DB BAEIRICELR O R4 AR
superstep, 5 TAEESFLARMIL, EREPITHIESARE D, FrLlnl DR i B L2
Reriztr, WS,

5.3.2 BSP#f

RN, BE o A AR AL FR A TR E SCAE TR T8RRI . FAPRE I — /> BSP %44l
RAPEUERHTARSCHE S . FHEZ AT UME AL BERY T3 7%, B AE— A HE DX N (A e ST
B, ARG, el T i (R ] X — s —— P AR, wRIE et 2
JEE A

LEBAPRBIE 5B B, FHEXA B AN, i 5-5, JHaah Eh & A —4
BEPA—REA . BlE e PIF AR IR X AR 7 AT DR B — N R I S /] — A0 Yy
No B z)a, AR ERNEEAES, w5 EAERN BN, —
BN, BB NS TR, B A & PR AR A D . A ORI
FHGZREMS IR IRAT], (RS AR A

P 5-5 24 BSP P TR AU Av[R] superstep HIYIEI

FaERE: — MRS RS T 5 ZARER AR R W R AR BT R

BRI AR ARIE R WA A AL B T 1

B 55 : BFIRABG] superstep REE

s =z

%55
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AER B B SR 0 T B (Giraph 5 GraphX), F{E/RIZZOIEH, (HE X
ZHIRTRE A, BSP A &M 5 5. BATERATHE Spark B3k T ##E], f£H
Spark RERSLEIR RFE B EFEAK MapReduce AR HITFEZ A5 iy R Ak BE . MapReduce i 75
BAER B Z AW VO iR BHAEME, W Spark KKZEM T X Le[m)@, £/ DIEHKIRRER
FAEENAARBCR B, (BRI ESUint, BSP BAEER MkE, RSEo M sdEik
PR 2 R Kk M R . (RPN 5 N & E R A XA EE

FEJGTP, BATREATHE B AT A 5 B Hadoop BIAUHEALFRMESS, B2/ 28/
#& LinkedIn 017, FH Facebook F T 4 #8448 21 Giraph, Giraph & —Fh 5 b B3 2 1Y
A4, BERRRECEE L5 — LA,

¥ AT HR B %1 GraphX, ‘B4 Apache Spark J5i H ) —3#4y . Spark GraphX fY 8l
At 32 35 ) GraphLab (http://dato.com/products/create/open_source.html), X A& — /51
WO IR B AE AL PRI H , 7E Spark 38l DAG 4751 4R 2E Al Ly &gk, R GraphX (/)
SR — MR T H, i AN 40 Giraph RiGfaE, B CHIEH G %E R, mMELE%S
Spark FTE H AW -3k, FTLL GraphX WRET SR /4 .

5.4 Giraph

Giraph /& Google Pregel FJ—FRH-JRSEEL ., MIFLECIELISK, Giraph wt# FH T E BB,
FMELFFEHX 5 Spark 1Y GraphX A i A E, Jf5& W& — 3T Spark DAG 51311y
Pregel API SZEY,

S T B T fi#— Giraph, TAISZHMEMRLMTENE, HFFE SIHE Giraph T H =A%
WrEE (4nfEl 5-6 Fis) .

(1) BB AT R,

(2) {8 i BSP i3t 17 B AYHEALHE,

) F & B B rEdt,

PAMEX B A THE Giraph FIEMAHY . IRAIATE R ARIBILE B L HINE, 1EIREE
DR LEZAL AR 8 s A T AL,

THERABRTE T T X B B, B4 B E SGX Uy BT Z g, LR ms A
[m] /e,
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&S
V3

AN ’ff P
\ #Giraph T {3 4

E5

5K
REAE ERRHR

{5 FHBSPAL R [ REA T4t AL PR

P S B B RS
Giraph T {EE Giraph T.{EF Giraph T {EHEFR

e o | e | | e
L L
L) L

@ 5-6: Giraph ZFH=TEEMNER

541 FEMBE NS R

MapReduce 5 Spark #F 3 #¥ InputFormat, Giraph HY%i A #% 1\ VertexInputFormat NI 5 2
2, PRI DL R B ARG SR RE S X 4 o0 |, FR1Eh Reader 2R3 — &Kid ok si— /> Mo
EXA LI, AR E BN 84, WS Reader, K, ZombieTextVertex-
InputFormat fRT& L, 41N 7R,

public class ZombieTextVertexInputFormat extends
TextVertexInputFormat<LongWritable, Text, LongWritable> {

@override
public TextVertexReader createVertexReader(InputSplit split,
TaskAttemptContext context)
throws IOException {
return new ZombieTextReader();
}
}

T A7 FE— VertexReader, VertexReader 5 i ) MapReduce RecordReader #HEL,
FEEJNETRESRIE S writable 2APE, MRATEIRIE 4> Vertex 4,
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A2, Vertex KGRI LNE? 'BFEH=Fo 4k,

7.4 ID
XA ID RED 43 Bl A — A ai

TR 5 AR
RE—MER, BERIEL. A6k, TR SR HARE, DO St % i
FHIBY B A 47 “Human” FOoR NIBARB R, ] “Zombie.2” FoR{ESE

/> superstep @&,

i

PSR R ITI A ID 5 NM0E5FFREBWNSR, EELSNEBRIFLW
FaS /S 2R (Bean: RFERRE A, BEEDAKE? )

FMNCL T TR, FHRAR— MRS an i i,

{vertexId}|{Type}|{comma-separated vertexId of "bitable" people}
2|Human|4,6

Xag—AID A2 WA, HErRERAZ, MH 58 4 T 6 ZRBYAES — A5 ML,
PR — T iX Sl DA SR HA Bl Ver tex X5 IARAD,

public class ZombieTextReader extends TextVertexReader {

@Override

public boolean nextVertex() throws IOException, InterruptedException {
return getRecordReader().nextKeyValue();

}

@Override
public Vertex<LongWritable, Text, LongWritable> getCurrentVertex()
throws IOException, InterruptedException {
Text line = getRecordReader().getCurrentValue();
String[] majorParts = line.toString().split("\\|");
LongWritable id = new LongWritable(Long.parseLong(majorParts[0]));
Text value = new Text(majorParts[1]);

ArrayList<Edge<LongWritable, LongWritable>> edgeldList =
new ArraylList<Edge<LongWritable, LongWritable>>();

if (majorParts.length > 2) {
String[] edgelds = majorParts[2].split(",
for (String edgeld: edgelds) {
DefaultEdge<LongWritable, LongWritable> edge =
new DefaultEdge<LongWritable, LongWritable>();
LongWritable longEdgeld = new LongWritable(Long.parseLong(edgeld));
edge.setTargetVertexId(longEdgeld);
edge.setValue(longEdgeId); // dummy value
edgeldlList.add(edge);
}

}

Vertex<LongWritable, Text, LongWritable> vertex = getConf().createVertex();
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vertex.initialize(id, value, edgeldList);
return vertex;

3
}

XERBOEHNAERS, TiHE 0.

¢ VertexReader #k7K | TextVertexReader, [KHLEEMS—fTATHUISEUCASCHE, 18, 2%
BUE (] H AL 2RI ) Hadoop 3CIF, PREFEAR AR Reader 24,

o nextVertex() & — PRGN . BAEKLIEM T, REKIXH{EH T8 HM
RecordReader R EXIXILHL 473, Hak BRI RIS M,

o {1751 getCurrentVertex() fi#HT U QI . HHIFE—A> Vertex X4,

FRUA, AE {8 X F o5 i, AT DAK 25 5 1 Vertex % 42 4y [X A7 fit 2 B B vh A5 [R] Y 40 A =X
Worker H1, BRI Sy OB HAZEARPIEAN 5 X, frt ] Do Ho i, x Ot 1746Ir
PHEEE , AT EIARBE RIS o Al TRREIIIRER, PRBIZAE S B X Fh
THoL: EomE TR MRS, WKEHTREAT S, HReths A BiFEIL.,

— BEAE MBS N A SE AR RS (FFIF 3 Giraph HUBERY spill-to-disk ZhRE) , A 15k
REASTT 4G BSP ACHREHE 1, 40 5.4.2 1Tk,

FEFIE T — T 200, REEEE A X &4 VertexInputFormat ¥ -, Giraph 1
AEE Lk, 4nilid AEHY Reader £ SR FIREUCEE, DARCE 2oy X3
W, X EEERA R T A B IHEEH .,

5.4.2 {EFABSPH#taIEE

{E Giraph "1, 3351 F ki BSP HUTR AR B, b Tik5x M EA T 2 5 i, 3%
(4 ARAE = A TR B T, BB 5 TIRSR, R S 8x =AM B e,
AR E—TE 5-7,

MBI ATLAE S, 454 BSP #A A~ E LBt E B Iraa, RG240 s IVM 1Y
TR B, )5 R TVM A M 77 8% A MR 2 rp g A AU T S H R B
X BB TR A A RES ALY B, ARG X BT B R B A, (R B F A BSP i
i, S A R X B A,
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superstepOfIiH & (L | | superstepafJif B 1Lib

B 5-7: BSP MTRAN=TIHENER: IRUENR. TLETHENR. TIFAETENR
AN E R AU R B (BN TR A,

public class ZombieMasterCompute extends DefaultMasterCompute {

@Override
public void compute() {
LongWritable zombies = getAggregatedValue("zombie.count");

System.out.println("Superstep "+String.valueOf(getSuperstep())+
" - zombies:" + zombies);
System.out.println("Superstep "+String.valueOf(getSuperstep())+
" - getTotalNumEdges():" + getTotalNumEdges());
System.out.println("Superstep "+String.valueOf(getSuperstep())+
" - getTotalNumVertices():" +
getTotalNumVertices());
}

@override
public void initialize()
throws InstantiationException, IllegalAccessException {
registerAggregator("zombie.count", LongSumAggregator.class);
}
}

NI F%ATI/E ZombieMasterCompute 2 R ABFFEIX A 5k, TR FE — T inttialize()
B —AE IR Z Wi n DX 2R 2, R A e BIEM T4 Aggregator 3,

Aggregator 2§ 5 MapReduce H 1Y 5 2 T+ B 23 AH ML, {H A& ¥ % Spark ) accumulator,
Giraph H 7 fE 1R £ aggregator a[ iy, 5w A E R, P WalLLEIE B & LI

aggregator,
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LLF 2h—£& Giraph aggregator {9+,

o RN (sum)

o RFE (Avg)

o REAKIE (Max)

o kEME (min)

o XAFHAGEN (TextAppend)
o i/ EiAi Rz (And/or)

ZombieMasterCompute HfHS /N5 ik compute(), XFJ5 ik EREA BSP H 4G HIIN iz
170 AEBEFRATVUTEN B BRI R A5 B

FHEVE— TR RS, BT TAEZRE TR B HY ZombieWorkerContext, X 2E4K
H s 7 7 F 5 8 A superstep W fE 0T, FFEATUUH T — 2@ E. than, £ —4
superstep JF 4A i E A I EHE, (EILREAS UG M TSR B, X B, AT
System.out.println(), FrLAFRATREHE B EE R B F2 HpoAS R 5 2 4 8 st Tl

public class ZombieWorkerContext extends WorkerContext {

@Override
public void preApplication() {
System.out.println("PreApplication # of Zombies:
getAggregatedValue("zombie.count"));

+

}

@override
public void postApplication() {
System.out.println("PostApplication # of Zombies:
getAggregatedValue("zombie.count"));

+

}

@override
public void preSuperstep() {
System.out.println("PreSuperstep # of Zombies:
getAggregatedValue("zombie.count"));

+

}

@Override
public void postSuperstep() {
System.out.println("PostSuperstep # of Zombies:
getAggregatedValue("zombie.count"));

+

}
}

A Ji A B S AR TV LB B

public class ZombieComputation
extends BasicComputation<LongWritable,Text, LongWritable, LongWritable> {
private static final Logger LOG = Logger.getLogger(ZombieComputation.class);

A
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Text zombieText = new Text("Zombie");
LongWritable longIncrement = new LongWritable(1);

@Override
public void compute(Vertex<LongWritable, Text, LongWritable> vertex,
Iterable<LongWritable> messages) throws IOException {
Context context = getContext();
long superstep = getSuperstep();

if (superstep == 0) {
if (vertex.getValue().toString().equals("Zombie")) {
zombieText.set("Zombie." + superstep);
vertex.setValue(zombieText);

LongWritable newMessage = new LongWritable();
newMessage.set(superstep+1);

aggregate("zombie.count",longIncrement );

for (Edge<LongWritable, LongWritable> edge : vertex.getEdges()) {
this.sendMessage(edge.getTargetVertexId(), newMessage);
}

}
} else {
if (vertex.getValue().toString().equals("Human")) {

Iterator<LongWritable> it = messages.iterator();
if (it.hasNext()) {
zombieText.set("Zombie." + superstep);
vertex.setValue(zombieText);
aggregate("zombie.count",longIncrement );

LongWritable newMessage = new LongWritable();
newMessage.set(superstep+1);

for (Edge<LongWritable, LongWritable> edge : vertex.getEdges()) {
this.sendMessage(edge.getTargetVertexId(), newMessage);

}
} else {
vertex.voteToHalt();

}

} else {
vertex.voteToHalt();
}
}
}
}

AR ARV 2 BARREE, RIMTSEAMBEARE, HEE L% A compute()
Tk i . A RS T compute() J5ik, i HLAEfJ5—/> superstep 53, it
A BRSNS S RHHE K F A L,
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R TR,

o WERXAEF A superstep, i HEA—ET, B4 FRJE BIHYEE—A NEBEHRL

o ARAEZE /> superstep 2 &, i AR —MEZ NH BN, AP 43 A &7 i),
WS EV R B RN,

o MR AES, WA T, BLAASEEMkE,

IR SRR, WAOBRHAAN OB B aid NZeARpin, XA IR A
FETHLT fRZCRE.

o BATATCALEREA N W IR SRR BRAR S, e AP — 3175 2 B m AL P
o FATTCAER T 5 AR Z A HAEAERL . FrLOX e N7 A 278 s fi )

543 WEEE#&

Frp g A TIRZ S, BAERIZREE RS REEL T, FATI6EH] vertexOutputFormat 5%
RS R . X AR AT, REERX S InputFormat AH S HITA],

public class ZombieTextVertexOutputFormat
extends TextVertexOutputFormat<LongWritable, Text, LongWritable> {

@Override

public TextVertexWriter createVertexWriter(TaskAttemptContext context)
throws IOException, InterruptedException {
return new ZombieRecordTextWriter();

}

public class ZombieRecordTextWriter extends TextVertexWriter {
Text newKey = new Text();
Text newValue = new Text();

public void writeVertex(Vertex<LongWritable, Text, LongWritable> vertex)
throws IOException, InterruptedException {
Iterable<Edge<LongWritable, LongWritable>> edges = vertex.getEdges();

StringBuilder strBuilder = new StringBuilder();

boolean isFirst = true;
for (Edge<LongWritable, LongWritable> edge : edges) {
if (isFirst) {
isFirst = false;
} else {
strBuilder.append(",");
}
strBuilder.append(edge.getValue());
}

newKey.set(vertex.getId().get() + "|" + vertex.getValue() + "|"
+ strBuilder.toString());

getRecordWriter().write(newKey, newValue);
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5.4.4 ERREEE

BUfE, 5 MapReduce H TG UL, FAIFEEF —UIRBIE 4T, i HLAE 3 s b 2E 47 S
B, T,

public class ZombieBiteJob implements Tool {
private static final Logger LOG = Logger.getlLogger(ZombieBiteJob.class);
private Configuration conf;

@Override
public void setConf(Configuration conf) {
this.conf = conf;

}

@override
public Configuration getConf() {
return conf;

}

@Override
public int run(String[] args) throws Exception {
if (args.length != 3) {
throw new IllegalArgumentException(
"Syntax error: Must have 3 arguments " +
" <numbersOfWorkers> <inputLocaiton> <outputLocation>");

}

int numberOfWorkers = Integer.parselnt(args[0]);
String inputLocation = args[1];
String outputLocation = args[2];

GiraphJob job = new GiraphJob(getConf(), getClass().getName());
GiraphConfiguration gconf = job.getConfiguration();
gconf.setWorkerConfiguration(numberOfiWorkers, numberOfWorkers, 100.0f);

GiraphFileInputFormat.addVertexInputPath(gconf,
new Path(inputLocation));
FileOutputFormat.setOutputPath(job.getInternallob(),
new Path(outputLocation));

gconf.setComputationClass(ZombieComputation.class);
gconf.setMasterComputeClass(ZombieMasterCompute.class);
gconf.setVertexInputFormatClass(ZombieTextVertexInputFormat.class);
gconf.setVertexOutputFormatClass(ZombieTextVertexOutputFormat.class);
gconf.setWorkerContextClass(ZombieWorkerContext.class);

boolean verbose = true;
if (job.run(verbose)) {

return 0;
} else {
return -1;
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}
3

public static void main(String[] args) throws Exception {
int ret = ToolRunner.run(new ZombieBiteJob(), args);
if (ret == 0) {
System.out.println("Ended Good");
} else {
System.out.println("Ended with Failure");

}
System.exit(ret);

}
}

5.4.5 {AEtiEAGiraph

Giraph B ZhREAE R 58 K, (RS GIRMMBE ST ZN RSP ER R, ESIR IR0
HURZRE S, Aid, anRE st BB, PRUEFRIAIIR 25 9 L (Service-Level
Agreement, SLA), i HFEZE RO T %, AB2[LLES Giraph,

B SE R, H AT AN 2 BT A 3k Hadoop | 7 K AT HURR A #E S+ Giraph, X I A & 15
Giraph NREF TIRPTIERAI R ATHRA, FURATRERR %S Hadoop | Rt —Hitdl, H— T
AT RERIFIX SN, REA AL B R AThRASH1% Giraph X RLFY Jar 4,

5.5 GraphX

5 4 7 )\ X MapReduce i 11 ETL [ f J&, *F Spark # 17 T K& Hik. {H2&* T &
B HE AL B, Spark A& /B FE i 2 MapReduce B 1 36 4 & HIWE?  Spark HJ GraphX fif o T
MapReduce HYFHAEE 0@, i Pregel 5 Giraph #1824 T fRPLX AN [ % AT . 5
IR ER AT IR, FRIREAR RS W RE L N (TENFF gk 4TAL#E) . Spark Y GraphX
VEA B EHR SR AR L T 5 — A Ped, BB & B oh—Fh2e ) RDD, ik iit, *f
TEL T # Spark FUJT & E K, GraphX & — > RIGREERAY,

ASEHbIRE, Spark b B BCHEACER (75 SR AR, X th ML ZE R AT1E B A AD %
Bk, R&EER, ER(EH Scala 155 SLHL . X2 B A TEA B 1ERHE
5645 W] I Java API,

5.5.1 S—#RDD

Spark H1 {7 7E JLFHAE Ay RDD, H P % WL A& RDD 5 PairRDD., RA[RECLASEE T,
SENE TR Spark A BEAT EIAOIE AL, A TR ZE G —/> EdgeRDD F1—4* VertexRDD, #
FHR R H UL RDD 4 1

A IRE M@ I —A T A Map 2L IhEE, MALA—/> RDD 53] EdgeRDD 8 VertexRDD,
XA, Ml Spark £ GraphX (1 5 — 242 4~ H11H) RDD Jjit & £ —> Graph Xt

A

138 | ¥s5&E
ER#tX£R largelove(largelove@163.com) £= EEHRN



G, 1% Graph X5 KA EX A RDD BY5IH, ifn HAR Hboer HodbA 7 B AL B 5 ;.

FAb PR AR 7% 5l i GraphX A, WARZE S i, (E(TIHE IR A TERRE S M Graph
5 ki EdgeRDD =, VertexRDD, F: HIF45% Hphf7— % RDD ZhiE.

FATRE — TR0, XAETERSBM, DTS FE] T —4 SparkContext, i H.GIH 7%
| —/~EFrEZERIF S RDD,

val sc =
new SparkContext(args(@), args(1), args(2), Seq("GraphXtExample.jar"))

/173 5.8 EERDD
val users: RDD[(VertexId, (String))] =
sc.parallelize(Array(

(1L, ("Human")),
(2L, ("Human")),
(3L, ("Human")),
(4L, ("Human")),
(5L, ("Human")),
(6L, ("Zombie")),
(7L, ("Human")),
(8L, ("Human")),
(9L, ("Human")),
(10L, ("Human")),
(11L, ("Human")),
(12L, ("Human")),
(13L, ("Human")),
(14L, ("Human")),
(15L, ("Human")),
(16L, ("Zombie")),
(17L, ("Human")),
(18L, ("Human")),
(19L, ("Human")),
(20L, ("Human")),
(21L, ("Human")),
(22L, ("Human")),
(23L, ("Human")),
(24L, ("Human")),
(25L, ("Human"))
)

/1253 Bl EERDD

val relationships: RDD[Edge[String]] =

sc.parallelize(Array(
Edge(10L, 9L, "X"),
Edge(10L, 8L, "X"),
Edge(8L, 7L, "X"),
Edge(8L, 5L, "X"),
Edge(5L, 4L, "X"),
Edge(5L, 3L, "X"),
Edge(5L, 2L, "X"),
Edge(9L, 6L, "X"),
Edge(6L, 1L, "X"),
Edge(20L, 11L, "X"),
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Edge(20L, 12L, "X"),
Edge(20L, 13L, "X"),
Edge(5L, 13L, "X"),
Edge(20L, 14L, "X"),
Edge(11L, 15L, "X"),
Edge(20L, 16L, "X"),
Edge(14L, 17L, "X"),
Edge(1L, 17L, "X"),
Edge(20L, 18L, "X"),
Edge(21L, 18L, "X"),
Edge(21L, 22L, "X"),
Edge(4L, 23L, "X"),
Edge(25L, 15L, "X"),
Edge(24L, 3L, "X"),
Edge(21L, 19L, "X")
))

/10— A BRI P CAB 5 — A 5 R B S A

val defaultUser = ("Rock")

/1 GV R ARRTE
val graph = Graph(users, relationships, defaultUser)
graph.triangleCount

X R RS R AR A LAy, SparkContext [ parallelize() J5 5 A1 K G4 IE
% RDD 5 iR, {8, FRAVEARR P IETE THIRERIEE, Bl ok 85 2 5 2L fig,
AR HH AR 75 ) R A

TEAT BB AR A BARED 2 A, FAT1Se4E — 20 Bh AU IR E] SR 418 — T defaultUser 45 &, 7E
GraphX H, PRATLLESEER* HdEf 74T (catch-all vertex), iXut/A& iy default, Znlfk
REB|—ADEER R, IPATHBM S K% default b, EXADFIFH, 2R —AME 2
R NAEEIN, AL XA B SR 2 E5R e B a3k, (& HAD,
fmressr, mbnazt.

5.5.2 GraphXgJPregel#O

EMFR ML Z AR MFEZ EMAN R E, B, GraphX Pregel API 5 Giraph AS[d], 55—,
REDLE Scala W, FTUAAEH S5, IR IFEAE T — e DR H oy iR, Bk, g
R EER, FAT1/E Giraph H 51 300 Z AT IS ELE C. & it GraphX # Scala 5 1Y 20
RS AT

[P B N ARt
val graphBites = graph.pregel(0L)(
(id, dist, message) => {
if (dist.equals("Zombie")) {
(dist + "_" + message)
} else if (message != 0){
"Zombie" + "_" + message
} else {
dist + "|" + message

}

A
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}, triplet => {
if (triplet.srcAttr.startsWith("Zombie") &&
triplet.dstAttr.startsWith("Human")) {
var stringBitStep =
triplet.srcAttr.substring(triplet.srcAttr.index0f("_") + 1)
var lastBitStep = stringBitStep.tolong
Iterator((triplet.dstId, lastBitStep + 1))
} else if (triplet.srcAttr.startsWith("Human") &&
triplet.dstAttr.startsWith("Zombie")) {
var stringBitStep =
triplet.dstAttr.substring(triplet.dstAttr.index0f("_") + 1)
var lastBitStep = stringBitStep.tolong
Iterator((triplet.srcId, lastBitStep + 1))
} else {
Iterator.empty

}
1
(a, b) => math.min(b, a))

graphBites.vertices.take(30)
ANAREE B CAERRX AR, IR PRI RELL MBS ST, FRAT15EE X graph.pregel() J5ik,
Sy fRARED
graph.pregel() WEHN2E: F—ALENE, B ASHEEE, F BRI,
EE—ANSHEYT, BIMREHE NS5, EXaT,
s F—&IHE.
o BRIEAYE (EFHBVMERNRT, AMERHIZS%).
o TR (fEFHBGMERNRT, NERIZS%).
TR ZENE —SIEEA 0, F&, 5 Giraph ~FE, IAIAHED ] — superstep FY%L{H.,
FrUAATFZ061, el 125BEH B AR superstep, XHAEAT superstep PUME— ik, T
IBEE S ERATHEX B N ZA .
MEEAE LA K%, 1 E IR EREE T B RIR IR R, IB4 GraphX &2 1EHiEfT,
FRUATRA A 15 B B RIEA
BABHELES — RV BARCEET%,
e vprog()
— R B AR, Ui, Y —RIHE RS A S ERE e ANl b B,
¢ sendMessage()
S R AR ERNEE (FTRRERRER, FTRAERERFER).
e« mergeMessage()
B BEERE—MIEE, M ILER A SIEE AR, SEE AN EE—&ER
KA R st ZIhRES AR .

HadoopEl4L3E | 141
ERttX£R largelove(largelove@163.com) E= EERRN



5.5.3 vprog()
HE, TRl ATHE— T GraphX ARG b5 —Fis ik, 464 verog() 15k,

(id, dist, message) => {
if (dist.equals("Zombie")) {
(dist + "_" + message)

} else if (message !'= 0){
"Zombie" + "_" + message

} else {
dist + "|" + message

}

}

AT AR BXAHTT 8R T 5y D, A8 A E BRI R B e R B s BT B . FEIX
P, BATTE TR O HREBSONE BXR, DOSBILREE BT B R,

ARG A2 AR R, AnRIEA 0 (BIEE—/> superstep), NSRS, #HikE
h Zombie 0, AAHHEKRT 0, WK ASBA—4 Zombie_{messageNuM}, NIAGEZME K.

5.5.4 sendMessage()

TR EHUE T AR BRI R, A EREYAE, GraphX 5 Giraph A1, {EHRIRHHE A
IR RERS Ui ] B bR A5 B o X AEME AR Bt A 2 Ak B A (R0 2R A b, e AT
EASRY,

FEX R ORATEAR S, FATRER Ujln] trivlet X5, o REE TRNFEE, H
b s LA R AE BT AR R BT A 5 B

triplet => {
if (triplet.srcAttr.startsWith("Zombie") &&
triplet.dstAttr.startsWith("Human")) {
var stringBitStep =
triplet.srcAttr.substring(triplet.srcAttr.index0f("_") + 1)
var lastBitStep = stringBitStep.tolong
Iterator((triplet.dstId, lastBitStep + 1))
} else if (triplet.srcAttr.startsWith("Human") &&
triplet.dstAttr.startsWith("Zombie")) {
var stringBitStep =
triplet.dstAttr.substring(triplet.dstAttr.index0f("_") + 1)
var lastBitStep = stringBitStep.tolLong
Iterator((triplet.srcId, lastBitStep + 1))
} else {
Iterator.empty
}
}

BLACHIZ AR R AR AR, M EERR A, IBARE AW,

5.5.5 mergeMessage()

B Ja— /N A B ETR L 0 Ty . AT MR S IRHE, PTLATRMT AT —
RN ZHREAFEARHIERE LB, i HSIRFMLHTE.
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(a, b) => math.min(b, a)

AGFAT T math.min(b, a), HEXFARLLEN., RELET LS a@wHER—/H, &
T H math.min() VR RIZIIhRE R RERSE D 55, T a0 A ARAD L REPA T i PR 1
{H AT REVR N &4 2% 5 B iR

(a, b) => a

GraphX 5 Giraph
AL tb3% GraphX 5 Giraph B4 2 & %], GraphX P E R TR 5 A%, Gl T R E,

- EEAHSE

o MEFH
o IYE&AZHH
. MY

% — kA fik GraphX B, 27T At A4RIE &3 & I Giraph F A TAHMARL T, HEMR
&2 %) GraphX 2 —#F & F Spark #9 B &3, A4, X L &E%A AR

it4E Giraph 9 =AM FR, REE5F A, 223 FF X # K3, GraphX § #5ix
EAYBIFIRRARAH, B AT EHE T AB L Spark #8F KM ERASLE AR,
b, R R Ak 4 AT Ak Spark #4L %] GraphX #90E, )5 4 = £ Spark, X —7 AR AT
IREES AN R PRSI, T2, GraphX ¥ EAMBF RAKIAH, {22 Spark
BAUARBRERET L XY REMN,

5.6 T EHi%#F

EARB BN, M E £ Pk, Giraph UL T GraphX, {HAEREERRIEHEIE, X4~
RS/ N 2N, RWTDOX AR T an R 28R 2 R , i B SR ZE vl fil
R ERAE T, MDA VREAFIESE Giraph, A B HR AL K& e 7 Zrp iy —34, i H.
RS RAD R A R VEL LS E S, B4 GraphX W REZE — A ANEEINIESE .

5.7 NG

RKINLIK, Graph FEHHFHLBHE AR — MOS0t 8 K AL FE 5 Hadoop, F&AITEL
FEREMS A R P AR R S , i ELAE BRI (AT ELLARTHY 2R 4870

R4 Hadoop H Y P SR AL BR A 5 R GUARX R UL SRR 442, (B ERRMARMR, 1 HAR
HE AR & PR A (AN MR BEE F Z AR RO . X R R T
BAaFs S, 6 58RO PLRE ) th i SR 2 B4 0, 31X A4~ B Hadoop i Y B £ iz b
BUREA MRS T,

AR —FUEE, LRUR TR 2R R AR E B AC B . b, ARHER T
B ai T EE R BT Hadoop TH, LUs SURERIEMN TH.,
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HE6E

I WA E (workflow orchestration), WHR I AEiA & 314 (workflow automation) B,
#4432 A 4 (business process automation), SiBbr B3giHRI. P ELL P TIER
IS, TAER (workflow) J&— RFIIEHE L ERIE, e HhIT B ShLiRFER R G
YE¥r 8 Z 4E 4 (orchestration framework) =i T /EiR A #L4E 4 (workflow automation
framework) ,

AR B B HIHEZE AR S — 04, (He LW 20, B7E Hadoop AT
5, JRRE TR 2 B G EBZE —ANH MapReduce f£55, MifE—4 R —1E4 P REUSHA
FrHIBRIEIR AR, BDE Hadoop T HAEAWIHE A &€, 28{ULT Spark HYSE fnR 16 A EHa b
PRAEZLS M b 08 32 S0z, N SR A B AR 0 i, B A RTUAE B (E A kv
PAB AR 5 | SEAL BRI S5 R FF R A B kS, b RARA ALY,

6.1 TiERERAERNENE

{# Fl Hadoop Gl vm# ¥ (end-to-end) IR I K — Lo BB H D, H P Al RESH
it Sqoop FRELSE 2 ISR B, R 4 = Hadoop, #%J5i@4T MapReduce 155,
HRAE — LR dm 2 R IS K4, R AR I D S AR . A, A PRTRES T —2
Hive {155, BAFHOWEIE. FeplociEotrit, mIREFFEHMAISMY MapReduce 2D,
H—MESHET AR E— 1 484F (action), XELPR{EETEIRE . thill 558,

Eban, F P TReS X AR — AN R1E,

o BB —AFEEi AT,

o PRIEE—AFEHMRRIEE Z ST .

o BREEE—AFLAER (40, M3CHERTAR) AT,
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F PRI RE S AR AR P — R 1
o A MRIERI R, AR iTIX AR IE.
F PR REA X AR R

o BRUERINERN, TR AE R T IRAE A.
o ILRTEBIRVEITRR AT A], 3 T AR R AN ] 5 SR T R AN ]

PL_b— R FIA R AE 8o TARR AT LGl — 4~ 10 TR E - (Directed Acyclic Graph, DAG)
KR, PAT ARG, BIEEZIMT, EARERTRERERE R T,

ARG bR LK S AR A AL BRI R o0 AT B TR B . AT (E Y BT, RIER RAFAY T
FeskEk. TR I8A B THE TIERA M ZRrEA, 5o, X BATREE BN HrZ
HE, PO HIZ A ShLifihe A C AT e —E 7.

RAFHY T AR B A (LR 5 | SERE RS SR AR — 20k 55750k . Jelte S8 & eRkEs GAER
e B an el AL R A E B BRI T B ) . R R Z R SR B Bt A v A
VB DA R Bt R B BR SR . X B SRR is g ThRE, AnAE R TR R R AR ik
BRI RIER) TR, BRI AR, WOk A R B TIERRE, EIXRMKA TR
e AR BHR R SIS ) B R T AR

T FATAR T — T2 UL, A WPLERE T Hadoop HY B #EAT B A 1A BE /Y 45 L
Jitk.

6.2 MZARRIFRME

55— IR & T Hadoop W Rz FARE, VR AT REM IR T8 A LA A TE = (40 Bash, Perl 5
Python) JEA[EIMIIRIESS A ] —#2, 40 TIERELEE M B A KEE, LMyl
FR, i EL S e o BL At i T e A

Bash B4 & 4nfsl 6-1 Fior,

5] 6-1 workflow.sh
sqoop job -exec import_data
if beeline -u "jdbc:hive2://host2:10000/db" -f add_partition.hql 2>&1 | grep FAIL
then

echo "Failed to add partition. Cannot continue."
fi

if beeline -u "jdbc:hive2://host2:10000/db" -f aggregate.hql 2>&1 | grep FAIL
then
echo "Failed to aggregate. Cannot continue."
fi
sqoop job -exec export_data

i LS 2 PATIEIIA, BECHER B 1AL, SEHRY crontab JiAnf 6-2 Hh iR,

15 6-2  crontab M
® 1 * * * /path/to/my/workflow.sh > /var/log/workflow- "date +%y-%m-%d".log
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HIEMAB AT, AN RGN, R R b b B
ik, AU PR TARRR SR RS, EE TR (RE R TR
BRREAR—HR0E) BPATI R, EREA LA ER TARRA R PR Z A2 5, sl
A TARR S TIRR, DRAEAR TIERPEH AN,

FEP e TERAWTTHREMEOLT, def— N A S SR, MY TAEILG, R
AIRZ THHARFENIIRE, FlIEARINABLRI—A, DAL A s biifershR.

TR, TR — A BUFRY TARREIAGE Z REAS I — A TARRAE RS thisfT, KPR
TE— R VI A RIRE Ao AR A BT Z A S s ——An il 6-1, 45/~ 25 BB AE I A —
LIRS A HDFS i sCi——IR A AL S PUR TR B AT, A RBIAS (P A ofidi L sl
RSN RGN PR 2 FEBE R, AR ERETRESIRE . wREHa TR
K, ABAAEEFEAE FAMIA b O TARGR, SO AR TARGRE PSS vh O TR, B
HEHZEL LA,

6.3 A ZR{FE S E S K Hadoop

IR % v wl W) ARG B sh LRI R BB — AN BB — PR IERESE . LAY IE £ B 45
ControlM, UC4. Autosys 5 ActiveBatch, fi FIELAFRYAK (1A Hadoop LA — bR
AL RE . XAERT AR UEE FBA B, i BTS2 S A IHESE . AN OURER
Hadoop, %2 MARGEMIF— TAERE, X5 S EEREBRERN,

— R, XEERGSTEEANIRS & L% agent, LAMEAEEA RS &%t HAT & FRERAE,
7t Hadoop & REF, Y T H 557 F TAR il # fEi0 41 )5 (edge node, LFR gateway
node, WISEHin) LEbE., (X THEH TIERE, JFR &% SR ireEmn
MR%5 %%, ARG E agent (EAR %S 2% LIATRIE A 4. Bl 6-1 F A& 445 B4 sqoop 5
beeline, agent FfPhATr 4, SEfFar 4 BRI HoAR R LR &R & 245 TORRE BEES . X1
TR, JFRE e BN, B An(a] A2 4 A 1 45 DA S B A TR R R T sl 2 e
[l — A~ ol VI A BE R Pt RE FH T IR B ARG, (6 G AR A [R] 583 4 i 7 1) B S5 440

TEsfT.

X s b TR E 3h ik ZGe A4 Hadoop 1 BIELY, FRLAE X e &
G R R EEARBHITHEEE 2N, 16 = SN )E T Hadoop 25
ZEIHESE,

6.4 Hadoop4EZTZRZHRITIERIESR

Hadoop AL & ARG A — L TR 518, X5 BB LI KA N B S, Bk, *t
TARZ Aok, AnRTE4EUR B Hadoop ARG, HIAPRMERT H S LI TTi%, LW
DA A — A TR S BT TR A sh it SR

FFoMRNRLE, BATATHINR LIER G Apache Oozie, Azkaban, Luigi 5 Chronos,
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Oozie (http://oozie.apache.org/) H Yahoo! G, B7ERFFHZH K &I Hadoop HERELL
JeAESERE LA INAIAE 55 5 AR

Azkaban (http://azkaban.github.io/) [ LinkedIn 6%, H RN TVEREIT /T PRI HI{E
FEET,

Luigi (https://github.com/spotify/luigi) & —Fh3 B Spotify FJFFJ& Python £, Spotify fig
SR B P A S LR EE R A TR 55, i BN & X #F Hadoop,

Chronos (http://mesos.github.io/chronos) #&—F3 H Airbnb FIH IR AN EES, REMS
75y, {E Mesos HEZE FisfT, X —FH TR cron ERHMES IS MRS,

AT E SUBAE Oozie b, JR/RANAIE ] Oozie B TVEIR. £ Oozie Y5 & i —
> Hadoop KATHABL & . Hoflh B S LR AL 51 BRI ERIARL, (BRAEEE ST LA
B

R TR S 10T, B IELU TR,

S RARALR

TR SR R S% B MUATHR AR AR

KA B Foik Fl

B ARG, F R A RS MO AT RIS NS 43R5 s e
G (A, Spark & HEH M ATRORTRTE ), AP 8 T AR 5 | SRR S 4 7
MO, 3R S BEAE R (e T ARG (S B

P o 3

66 T A O Ay STPRE R i UT Dii)? A seft:, SRR 97k e (2 7 %8 52
W UL R, ULE LA, £ HN

DI

ETARRTEHR, ATk el

B&

B4 AR 5 (A H A5 D1

THhRER

B R LA T P A TRIOIIEAND ) 5| SEREgRRER 2t TR St oy TR E Sy
FRING Y AEls R TG RHRIER DAG (HLAnis T ol — (B (ER H i pe ) o
i A 32

IR B R , PRREI B T RTHE TR S SR S5 0 — B0 URAE AT 2

6.5 OQozieARiE

WA ZAT, BATPEFR—T Oozie Kik.

I AR
H L Fe 5 S REMS AT HY B — (LS5 BT (4, —ik Hive £ i), —7> MapReduce {E
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%% . —k Sqoop Hit) .
. IAER

— R (BUE%) RISl DAG,
o WA E

KRS SEARFRIE L, RERK TIE.
* bundle

AR A .

6.6 Ooziefffit

Oozie "] LATi/& Hadoop |- 2 MGl ) w] fifidf o0 A s LA S 128, % /0 K#84r Hadoop kK 17
MR#PEEFR T Oozie, Oozie B LEZEILIAZREN 5 Hadoop ZEBRGIRAERK, mHAEW LI
BT H R LTIER.
T FAY Hadoop A= BRS040 (40 MapReduce. Hive, Sqoop 5 distcp), Oozie &H %
AWEEE, Bk, Oozie 5 T GIELX L] Y TIER . 541, Oozie BREPATHEE
Java F2J7 5 shell JHIAs,
A X B AR 25— Oozie, SRJEHEHEH Oozie B 2% B HF FH LI,
Oozie HJFZZ A M40 T ATk,
o —ANIHEFFIE

MFHAT LR, EAESFEAE, 40 Sqoop. Hive, Pig 5 Java,
o —ANAAR (BFTIBOTVAR)

e FHRE S i — A R S B EAF B B TR T AR .
e REST API

LG APL, FR$T. S TER.
o WAITEF %

I REST API, JfHAEWSLEH i a1 7T, A %S

e bundle
At R # o A, Resa 5,
- RE

MESIRB R SR (4TS ITEE. &5R . HIEHRASE HR T — M8 lE, %),
PR KRB BN IMS BAFI, 3 oA N -5 T 2 ] (1) ] B A

o SLA %1z
YT AAITIR] . &5 RN ] sl FR St RB BR T 5519 SLA, ML 174 SLA, skt
IiF SLA I}, Oozie 5t Web 5754k . REST APL. JMS PAFI53#% Email 38501 .
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o G i AR

f7fif Oozie FUFFAfE &, WG,

LIA& MySQL, Postgres, Oracle 8% MSSQL,
Oozie LA Fim—HR S5 #4580 TE, B 6-1 7R T Oozie B Fim—AR 55 23 234,

bundle, SLA 5 TARRAYDEMEE. %8R

i A TERESTH 1

Hadoop

T

QoziellR % #%

TRRSI%E RS

\%
Qoziek e

(ERAT LAER, bundle,
LS A O T R SLA
s

6-1. Oozie 2253

PAT—A ARG, SRR an s 6-2 B,

(A

Oozie

JobTracker

2

/YARN RM

==p| [auncher

v

1

XRS5

> MR Job

»| Hive

> Pig

| s

N
TAE

HDEFS

» Java

Shell

v

\ 4

Sqoop

6-2: HITITIERY Oozie PHEHLIMNINT
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W 6-2 fion, %t Oozie IRS5 S HHERE, M HARRKAESELE ., — RFIWERIEXHE
THSPATIIEZESE, AR LIERA S #THE. LIERRE — RIVHRIEU ROERX
SEHRVERIZ R, B—A> %24 workflow.xml HYSCHEE X, 55 B B 420 4 workflow.xml 3¢
f-7E HDFS L&, WAook 2%, i % 645 NameNode, JobTracker (ZnR{#
MapReduce vl [MR1]) ## YARN Resource Manager (Z{#i ] MapReduce v2 [MR2]) HYJ
URI Hbtik, X262 %0l f5 25 T8 L LAER. Oozie k55 #200 & Pimte Ly A B, &
PEHL workflow.xml 352k B HDFS I LR E L. BliJE, Oozie A5 & ittt LAEREE X,
F B TAEG SR B &R

Att4 Oozie SR/ ER—1REERE

Oozie FR % B A ABEWATENE, S FHATHEAE, Oozie R4 & R 8 id —A Map 4£ %
(# A% # launcher /£ %-) kB % MapReduce 4£ %, KB & 3 Pig & Hive #4F, X —%
L8t Oozie R B X 8w, Tt 47,

do RBTAH AR ARG —ANE—) Oozie R 5B B3, MIEREHE, RLAFWAMEF %
AL IR EXAR S B L. B A PTA R AGE T B — A 83T, PTAEIR S
BHAATRRE, TRARIMAA, 22, £—095 3 L5 B4 Oozie 1 A
B4 857 X MapReduce A%, £iLBa) B4 azh, Nz 550k, dmiip
) BAL 5B T80T ERATX LA, 78 7 BAM Oozie #9 sharedlib (HDFS _E #5—A
Bk, &4 R Oozie BAFHT BRI R EF wnE) TREENER %E, Likey
Bl AR XM A 4. SSH VA& Email 48 % #9484F, Oozie R % B AEMATIX L 4R4E,

Ybdw, & fF—AN Sqoop 4%, Oozie IR $ % ¥ & 3 — A~ mapper MapReduce 4= 4%, #R1F
sqoop-launcher, % mapper #i&47 Sqoop & F 3, /G RKETH A & 49 MapReduce 4+
% (#R4F sqoop-action) , AT /% % B & 49 mapper # & 5 Sqoop ¥4 F, 3T Java &

shell #4F, & 31 & A AT Java K shell B A, & H&* 2 LM 49 MapReduce 4 4,

6.7 OozieL1Ex&

nai A, TAERAE Oozie HHYE L HES AT XML X, SCHE&RA workflow.xml, —
A LRI R & R VB ARG R BB S TS T LB A, R dily S dil T
MRS, P RS B A A R — A AR, e, o Sih JFATHRIE, 30
Z B HATIESS . workflow.xml ST AU I 5 51 VE T RIAY DAG, i XML %Kik, %
T XML AR 52 B HE AR EARBIEE 2 N, #RAILAZ [ Apache Oozie B J5 A4
(https://oozie.apache.org/docs/4.0.1/WorkflowFunctionalSpec.html#00zieWFSchema ) ,

Oozie BRI\ W 2% £ 1O {E H ExtJS, {H &, % T JF I UI L A& Hue (http://
www.gethue.com, Hadoop H FHIMRLE), Oozie v FH i {8 F UI Gl &5 %1t
Oozie T{E{it, Hue 3+ UL &I TAER ™A workflow.xml 3¢,

A
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Azkaban

Azkaban & —#F R B #h4LA A2 3] %, & A LinkedIn, 5 Oozie # B, /£ Azkaban F
Y% B TR BB E TAER (4R flow), Azkaban 5 Oozie #) 4] 32 M & R R :
Oozie ¥ BAF R A—NEF RN EH L ERBEAAMES, AT ELET T4,
Azkaban #9 £ EZAE R 5 8 AT HF AT,

Azkaban #4E T B AR F 5 — A5G 3% KB E, IR & 3 Azkaban Web JR 5 & 5
Azkaban # AT, H#— AR $A B AL A A F 49 A _EiB 47, Azkaban Web IR 5 & 1~
L& —AF Web UL, #2#EFA flow &) £ R 424 &, @id Azkaban 217, € £ %
Ao eI, A5 NI, Azkaban AT & f 5t & Azkaban ¥ #.47 flow, B AT Azkaban
Web JR# B2 —ANE—¥E 5, B IH %A Azkaban #FT%H, R4 ST A ikfe T b
Y,

Azkaban Web JR % & 5 Azkaban # /7 B AK 4 5 )6 35 09 MySQL %038 & 46, W% 44
IS, TAEReiAE,. SLA, AR REURI ARG L,

Azkaban P38 2 Bt X BB /T A UNIX 445 H 209 Java* R B, {24, Azkaban /%%
AR SRR H %K, £ Hadoop., Hive 5 Pig 4t %, Azkaban Web IR % % &L 364k
% d ek R @946 4-: A T3] 3L HDFS A 5% #) HDFS Browser (5 Hue #) HDFS Browser
M), il 2 225 Hadoop & #% 4% 49 Security Manager, H4E 42 T4R 4% B 4505
Job Summary, ¥ Pig /%% =T #L1L 89 Pig Visualizer, AR A T 4112, #R 5EBFREH
Reportal,

& 6-3 & Azkaban #9 24,

Azkaban Web  |_ N Azkaban
k55 %% PATHRSS %%
HDFSH%E (=
0GR &1

6-3: Azkaban 2243

% 6-1 3 F Oozie #= Azkaban #J LE R HE #4m, 2274 T oMz £ 7,
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#*6-1: L Oozie 5Azkaban

PR 4 Launcher, F T4 B BT %,
RGN R e S A, (H R AR PRI b
AT O TR R K

tRiE Oozie Azkaban

TARRGE XL i XML, HEn0#%] HDFS # {6 B9 ) job SC . S M
2% 1 LR

Al g e — A R — . (R Map BT S5, | st — A~ — BT 8 2 B A AT

ATHES 51 AR S B R

Hadoop 4 & &

Pl TIRAFRYSCRR . AERBIZAT MapReduce,

% #F Java MapReduce, Pig. Hive 55 Volde-

RfA

N0 ER Streaming MapReduce. Pig. Hive. |mortBuildAndPush (fE %K % 3% i A
Sqoop 5 Distep actions Volde mort #1577 fif ) £55. HAh{E:
5 T AR A A AR 55 2 B S e
etk 5 Kerberos 2 HE % Ff Kerberos, 1{HfE % 4 ) Hadoop %
B b RS F IH AR B9 MR APL $h AT
MapReduce 155
TAERARAE R | i HDFS 775 122 51 (b 1 s i) VR | St 2% UT hng, ettt TOEG

MR 5

5 Hadoop E 2
RGN RS
SR

X ¥F HDFS. S3 s& AR50 /Y
TAER REAHEEAM SRS, X
FRpf:. SSH. shell Z5# 1k, Rt E
H 7€ SHERAERY APL

ARFER LR A7k T HDFS ks mlRgw
LL5e4: T Hadoop Z4MI R4

TARRRIZH A

* #F il i 4% & 5 Expression Language
(EL) & $oxt TR O 2E 47 2 %t (4
${wf:user()})

T ARG A REIT A2 Rl AT

W

Huft

TARGR A SRR ) S B Al A SRR Al fih
5458 2y | %+ REST APIL, Java API 5 CLI, $1A | #IA BTN, et MLk
ZH Mt (NE, i Hue) # il % TR R % cURL fr 4, TIER

[J Java API & CLI

4,

s e e
6.8 IT{ERSET
INR T HR A S LS 5, TmIkiE—iml s E TERER,

6.8.1

mxt s e TR
NP A7 R 2 2 B R TR, Eodn, A F Hive ST SCR 98

HAFEEE, T BLAE R Ih IS8 H Sqoop A4 A F| RDBMS A,
1E Oozie H L], workflow.xml 340 Fi7s :

<workflow-app xmlns="uri:oozie:workflow:0.4" name="aggregate_and_load">

<global>

<job-tracker>${jobTracker}</job-tracker>

| s . =r
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<name-node>${nameNode}</name-node>

</global>
<start to="aggregate" />

<action name="aggregate">

<hive xmlns="uri:oozie:hive-action:0.5">

<job-xml>hive-site.xml</job-xml>

<script>populate_agg_table.sqgl</script>

</hive>

<ok to="sqoop-export" />

<error to="kill" />
</action>

<action name="sqoop_export">

<sqoop xmlns="uri:oozie:sqoop-action:0.4">

<arg>export</arg>
<arg>--connect</arg>

<arg>jdbc:oracle:thin:@//orahost:1521/oracle</arg>

<arg>--username</arg>
<arg>scott</arg>
<arg>--password</arg>
<arg>tiger</arg>
<arg>--table</arg>
<arg>mytable</arg>
<arg>--export-dir</arg>

<arg>/etl/BI/clickstream/aggregate-preferences/output</arg>

</sqoop>

<ok to="end" />

<error to="kill" />
</action>

<kill name="kill">

<message> Workflow failed. Error message
[${wf:errorMessage(wf:lastErrorNode())}]</message>

</kill>
<end name="end" />
</workflow-app>

R ER, ZTIRRME 6-4 FiiR,

BE A

Hive

ok

181 : sqoop Tt ok

e

\ 4

Sqoop

tH

=

B 6-4: RUKRDIIER
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BUEARTEA S HTIZ TR R — XML Tt

o global THBE A HRIEISHIEHELE, bl JobTracker 5 NameNode [ URI,
job-tracker JLHRIERE LA ZE, Oozie 8 FHAHR A S 430 JobTracker URI ({if H]
MRI1 ) 5 YARN ResourceManager URI ({ il MR2 It}),

o start THEAR LIERPE — B THHRE, BAERIEEA — 28K, M2 56
VEEE —H 24

o /> action 7L MKIZ 4T Hive #:1F, 1ZICEIRIUT Hive i & X5 HQL MIA H A7
B, fEPATERIE, o, BT KA Hive A4 1 #2230 Map 1155, REUS{E
Hadoop #EBEAEE A1 i _Lig4T, FiLA Hive Bt & 305 HQL MIA 5 ZE4E HDFS
S, A REBE T Hive MIAWYG S5 R . Ex /A 6FH, B4 populate_agg_table.
sql 33 Hive $ AT A4 1F, i H 5 & W45 R A7 % 2] HDFS rh, H{R {2 B 24 hdfs://
nameservicel/etl/Bl/clickstream/aggregate-preferences/output,

* sqoop_export 5 F 1 57 iz 17— 4> Sqoop fii th £ 55, K I & #Y &5 K I\ HDFS %t 5
RDBMS, Zid fE2idid — 25y, HHx A FIR S a4 471 Sqoop i
{5 FH A ZIZRAR A L

o A, BARIEEBR A TR IR, TCIRERERT) (BB LIRS F— A #1E, 3
F), MBS (BhA kil A, AT ESE A HBE R AR E AR 1A M A E IR
{HE, WRER @M IMS HESEI ) .

o R, BMEES TIERA S WA A FRAH) XML A (41 xmlns="uri:oozie:sqoop-
action:0.4"), XHLE T XML & L [ sk UL 3K, Lban, global ju 3 AAF/E T
uri:oozie:workflow:0.4 N ¥ = hAS . ansffdi HH—AN IHRAHY XML #55, IRAIREZL/E
A HRAEHE L jobTracker 55 nameNode S, *F - H Al vl HIHY Oozie Fig A, A 11X
{5 FH IR AT B BT AR,

6.8.2 BHATIER

TR 2 MR T BT, e B R R TR, (2 S aim T
B BIER 2 a1 e — e, XM R A4 LA (fork-and-join) FER., FEASHIH,
MBS iT— e iAg T, KRBT =" ARIEIESINU SR EIER A&, X=1
BRAI—aI T 582 . KRS B RIS a5 R RE - Tiaf7 I B R R
ARG ITE R, BREABBEER G, Fid1ididizfT 35—/ Hive & i€
R BEHR A,

LA 24 Oozie I TAERE X o

<workflow-app name="build_reports" xmlns="uri:oozie:workflow:0.4">

<global>
<job-tracker>${jobTracker}</job-tracker>
<name-node>${nameNode}</name-node>
<job-xml>${hiveSiteXML}</job-xml>
</global>

<start to="preliminary_statistics" />
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<action name="preliminary_statistics">
<hive xmlns="uri:oozie:hive-action:0.5">
<script>${scripts}/stats.hql</script>
</hive>
<ok to="fork_aggregates" />
<error to="kill" />
</action>

<fork name="fork_aggregates">
<path start="prescriptions_and_refills" />
<path start="office_visits" />
<path start="lab_results" />

</fork>

<action name="prescriptions_and_refills">
<hive xmlns="uri:oozie:hive-action:0.5">
<script>${scripts}/refills.hql</script>
</hive>
<ok to="join_reports" />
<error to="kill" />
</action>

<action name="office_visits">
<hive xmlns="uri:oozie:hive-action:0.5">
<script>${scripts}/visits.hql</script>
</hive>
<ok to="join_reports" />
<error to="kill" />
</action>

<action name="lab_results">
<hive xmlns="uri:oozie:hive-action:0.5">
<script>${scripts}/labs.hql</script>
</hive>
<ok to="join_reports" />
<error to="kill" />
</action>

<join name="joiln_reports" to="summary_report" />

<action name="summary_report">
<hive xmlns="uri:oozie:hive-action:0.5">
<script>${scripts}/summary_report.hql</script>
</hive>
<ok to="end" />
<error to="kill" />
</action>

<kill name="kill">
<message> Workflow failed. Error message
[${wf:errorMessage(wf:lastErrorNode())}]</message>
</kill>
<end name="end" />
</workflow-app>

EIZ ARG R, % — A1 prelininary_statistics HFE MBS TSR, BTh5E iix
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—% s, TIERHENZE fork 702, M5 =1 #:1E (prescriptions_and_refills, office_
visits 55 lab_results) WUk FF4aHH1Ti847T. B LR 1E 25, #1l (control) #EA
join JLER, JEHi =/~ Hive E &M CH 2 G, joln THREA XA LR, HE, XHER
A F 2RI BUR T fork AERIEER, FrLUEA — BB IR, B TIER
#Bohr, =4 fork #ERIhTER, EHIHEA BT — - #AE, Bl summary_report, fHf5—
AN ERVESERT, TAVERCIEES R .

HE, BB TERANME AR Hive & 3, Frlk <job-xml> HUgE —ik, HMA&ME
k1 <global> #3455,

B 6-5 b A TR .

o ﬁf B
prescriitions_and_reﬁlls

5 ; office_visits

sumn%%ﬁ?ei)on
[

G
preliminary_statistics|
e ]

HEAE lab_results s

e
o

@

=)

join_reports

fork_aggregates

B6-5: BERAIIER

6.8.3 X REXTIER

TR R RIS R B T AR AERY, RN E M o 5N TR, e
2k com.hadooparchitecturebook.DataValidationRunner ( F-F 55 iiF Bl 5 77 A Hadoop HY %t
5) &AL Java fURDIF, AR B BHRATE, MR X AR, M sk
com.hadooparchitecturebook.ProcessDataRunner JEAbHH He 508, {H 2, s PSR, H
Pk %553 1ok 32 4T com. hadooparchitecturebook.MoveOutputToErrorsAction, A 42 &k i &b 7
IR 1E A A HDFS BRI H e, I H kA B i
LA T4 Oozie Hr =X Ff TAERAY workflow.xml 321
<workflow-app name="validation" xmlns="uri:oozie:workflow:0.4">
<global>
<job-tracker>${jobTracker}</job-tracker>
<name-node>${nameNode}</name-node>

</global>

<start to="validate" />
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<action name='validate's>
<java>
<main-class>com.hadooparchitecturebook.DataValidationRunner
</main-class>
<arg>-Dinput.base.dir=${wf:conf('input.base.dir')}</arg>
<arg>-Dvalidation.output.dir=${wf:conf('input.base.dir')}/dataset
</arg>
<capture-output />
</java>
<ok to="check_for_validation_errors" />
<error to="fail" />
</action>

<decision name='check_for_validation_errors's>

<switch>
<case to="validation_failure">
${(wf:actionData("validate")["errors"] == "true")}
</case>
<default to="process_data" />
</switch>
</decision>

<action name='process_data'>
<java>
<main-class>com.hadooparchitecturebook.ProcessDataRunner</main-class>
<arg>-Dinput.dir=${wf:conf('input.base.dir')}/dataset</arg>
</java>
<ok to="end" />
<error to="fail" />
</action>

<action name="validation_failure">
<java>
<main-class>com.hadooparchitecturebook.MoveOutputToErrorsAction
</main-class>
<arg>${wf:conf('input.base.dir')}</arg>
<arg>${wf:conf('errors.base.dir')}</arg>
<capture-output />
</java>
<ok to="validation_fail" />
<error to="fail" />
</action>

<kill name="validation_fail">
<message>Input validation failed. Please see error text in:
S{wf:actionData("validation_failure")["errorDir"]}
</message>
</kill>

<kill name="faill">
<message>Java failed, error message[${wf:errorMessage
(wf:lastErrorNode())}]</message>
</kill>
<end name="end" />

</workflow-app>
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6-6 A iZ% ARG — A~ S AR

i

H1E:
process_data

Java

g

check_for_
validation_
errors

1% . validate

e

=)

validation_failure

Java

G
B6-6: NRRRALIFR

BLERY, B 81EHR validate, &7 T —A>Java i H, FREIE— MR ABHEE.
HiHE Oozie BB H input.base.dir Z4MIME, Hih—LeB 5 iE X5 Java I H P, {HE,
FAME T <capture-output /> TLHERIRIILIRIERIEEAL, BEE XS HET UK
2 (B check_for_validation_errors) . Java. SSH 5 shell #:EHN 3 5 % B 5 H AR,
EEM—FET, W RARIAS AR Tava BEEAI TR, (http://bitly.property-file)
BATEE — A HEX, 172 R B TFF o k. T shell 5 SSH %A VER, frth Hds v i%
BAbRER R (stdout) . *FF Java $:1E, RiZUCEE Properties X4 i 51, i H.
BAEF . Z 30 4RSI B 1Y oozie.action.output.properties Z 4748 f 3R AL,

FERT—A G, FRATNRVERR I ZE R AR A T errors JEIEMIIE . T HX AR
ANl A) Java HERER R R SRS errors=false,
File file = new File(System.getProperty("oozie.action.output.properties"));

Properties props = new Properties();
props.setProperty("errors", "false");

RFE:
validation
_fail

OutputStream os = new FileOutputStream(file);
props.store(os, "");
os.close();

SRIG, DR A d i wf:actionData("_action_name_")["_key "1 5| HI R 5 2 iy % th %
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i, Hor action By & FR A _action_name_, ifiJ@ A FRA _key_, TiJE P E T M E A
switch FEH, 4nRA7E validate $E1E RS 15 H B+ errors B PRI E A true, 8%
‘B 4 process_data Z{EHeE, #HEt4 5 |1H validation_failure 75 /5,

process_data ff FUEIA T 5 —A Java T H R ACER B, RIS 800 67 B 24 1R @k
FAFI A A, HBLSTEEE RS, validation_failure {EAM %S —/> Java HiH, Jfhi%
WAS5, (HRX K, 28ENGAITAZ R (command-line argument) i A& &M%
% (&, HAbG/b -0 <property=value> i), H M WIFFATL H REUS I I TR B IR AHICHY
HFRMARIH e, H{EM capture-output JLENFIZL H RN A FRIREE] TR, Fi%H %
I FRIER errorsDir J@PERE(EIA N 25, 0t F— M R1EIRER, B validation_fail, ififF
B B B AR P,

6.9 TIERSHEIL

FEA TR IR B iz A7 AR A T AR A2 — b 3 LAY 5ok, Ebdn, i TR 66 A
Sqoop MG F BB ARkt — />3, MiJE M Hive iz 47— LE8dR YL, B2 PR Reif
EAFE R EERR— TR ZFFLT, AP BERaRiEh—1r24%, JF
FESEAER TR . B —FhEH B 0L AR E B e AR S8R

Oozie REABLE ] P45 2 8dis € A Oozie TR H HAS e sl PR & 484F, Wi)E, EIRAT
VER B P B I 3 X e 2 R e (A . BR T RERSAE 5 R A S i E AR 24 5 Y
LA, PG eT UAEA R AERE (WA EL4E dev. test 5 production) FizfT4HNEIHY LAE
i, HHAMEFEE TR, Oozie TR H 5 E FIE— 2 BT REL MU T AR {r—Fh 5
AT E.

« JHPREASTE config-defaults.xml SCP S IRPEL, ik Oozie B i A6f 4% [l O 7 J ey
HIBRIMA . ASCIF(E HDFS w97 B A ES THE S5 Y workflow.xml SCIFE 1

o A REMEEE E job.properties A 8 Hadoop XML fic B 3 rhix Se 250 AU ME, FH1E
AN LAEGRIHE] -config fir &4k B AR 25, (B, M (EGwiR S AT RESS
FEARM S — ek, i BAS R P B SRR R & S 3R — S 2k, Frblax
T AT AE— 2 A

o ZfEif -0 <property=value> IE{L A TAEMRSE M2, TP BERSARE Gy & 11472
XEEZRHIE.

o OABRUEZS TR ORI, PRI LI R,

o PRSI LIERE L E S8 THSH (WRIEERAZH) . AFISE TS
BN R —MESH, RSHEIEE SR, WAL TR . RS /e L
TRRAVEIAGIE . ZHiHEIZSZ 4.

<parameters>
<property>
<name>inputDir</name>
</property>
<property>

<name>outputDir</name>
<value>out-dir</value>
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</property>
</parameters>

SRIG, IXEEZ R EA ${jobTracker} B ${wf:conf('jobTracker')} # LIEJRVjlAl, 4nkZ:
AL Java B ME (b, AUNEE [A-Za-z_]1[0-9A-Za-z_]*), IBLmt RAEH
%Rk, Bl ${wf:conf('property.name')},

7, BMNELEBIHE N TAERP A 2/ RIS HESE L TARIRRS, shell #1F v 5E
P2 BB b4 shell dr4>, Hive #RIERTRESTIRIN Hive BIARI AR, HRHAEH 24808 M
T2 41k Hive A iRHY HAth 240, 1fi Sqoop #1E I RESS I FH 2 H{E Sqoop it A Bk Hi Bt
ZHf, UL TFREDF— S5 %8 48— Hive #4E, ARG EARTE.
<workflow-app name="cmd-param-demo" xmlns="uri:oozie:workflow:0.4">
<global>
<job-tracker>${jobTracker}</job-tracker>

<name-node>${nameNode}</name-node>
</global>

<start to="hive-demo" />

<action name="hive-demo">
<hive xmlns="uri:oozie:hive-action:0.5">
<job-xml>${hiveSiteXML}</job-xml>
<script>${dbScripts}/hivel.hgl</script>
<param>MYDATE=${MYDATE}</param>
</hive>
<ok to="end" />
<error to="kill" />
</action>

<kill name="kill">
<message>Action failed, error message
[${wf:errorMessage(wf:lastErrorNode())}]</message>
</kill>

<end name="end" />
</workflow-app>

FEIXATARG T, 2240 ${MYDATE} fifi 5 {F: h 2 £ MYDATE %36 ¥ Hive #if), #A)51% Hive 7
WA 28, il 6-3 Fron,

f5] 6-3 hivel.hql
INSERT INTO test SELECT * FROM test2 WHERE dt=${MYDATE}

6.10 ClasspathEX

Oozie {4 1F i § 24 Oozie P AT HY /N AL Java 7 . HUih & Ud, AT HRIERF, R4 HU7E
Classpath H1 K BUEE 15 B (& 4 5 R . Oozie REWS LEH P il LA AE (X 6L B AR A
sharelib) 4 25 L — /> Sh 20 G0 B, i DARE % A PR — 26 4 0 5¢ & 7 B Ay R, 1 L,
Oozie WA R ERMBE T L F0T575, MRIEA RN R ATPRAS IR EHEINE] Classpath, X
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RERS L& AT Java #RIERIMARC &, S8 T Hive #RIEII 7 B E CEREL,

DA TR 44 B Cloudera 12 H UM +. How-to: Use the ShareLib in Apache
Oozie (http://blog.cloudera.com/blog/2014/05/how-to-use-the-sharelib-in-apache-
oozie-cdh-5/) ,

Bt A 1Y Hadoop JAR #B4s H A & #E Classpath H, ifi H. sharelib H % L& FHF N B #IEN
JAR (%0 Hive, Pig, Sqoop, %¢%E),

sharelib H %@ 1i1iZ 4T oozie-setup sharelib create -fs HDFS:\\host:port %, 448
ik &7 i H shareLib, fE job.properties 3 45 7€ oozie.use.system.libpath=true HI#],
TEfE45 R, Oozie it —2E LB RHRIER: TAR L& TE shareLib H1,

R FTE R A EER A £ XA JAR (4245 T MapReduce B Java #:1E[Y JAR, JDBC
Wzhek, B T Sqoop #RIEAUER:RS), ATLARHLLT LA G,

» {E job.properties 1% %€ oozie.libpath=/path/to/jars,another/path/to/jars, ANFATR
% TAERARTHRZR— JAR, IBLixFpy iR A M. P al DA H s /£ HDFS Hr,
MHAELA TR . TR A B EERREZR 77 1% JAR £,

o QA2 Lib B H %, $IECE /£ HDFS  workflow.xml SCPERIFH L, F HAE
JAR HCB(EIZBE , AURARA 28 JAR, (LR FA A LIRS, SR,

o {E—AHEAERRE <archives Fr%, JFHEERIRIN— R —0Y JAR, HIREBHRE £
<archive> fr%, 4t JAR WA M THRERMRIE, WA TIEmA A liRlE, Iax
G RA M.

o B JAR HENF] sharelib Hox, (HZX R — A THER, HEARHEA: 5%, JARZ
P & E A TIER T, RS SEGEIMIER: B, R sharelib, JAR ¥
SWREERIE RS P L ERE .

6.11 AEERERX

®C&miE, AR, DIRARIEASC R B e —A LIRS, Rl 18
MR R GE T, (B, TIERAAF L&A R 50 (time-agnostic), Hgt&id, TAIE
A G A i Scania AT . P T UATFahia T LAEGE, (R nl DA T SE
WREN), TYERMEEATIABE BT, Oozie FIFH T WAL, {1 it —A XML 30
(S # @ id Hue Oozie UT) RiEEE TR, MifEi#id Azkaban UT $h47 LYE{%K, Azkaban
UL T AR,

Oozie W& LA, MRS TEAFRA coordinator.xml B SCLEHE o XML #82, SR )afEiEH|
Oozie i 55 2 b TR 2S4S . Oozie PHiEZS 51 5(E UTC rh TAE, (HR Tt I8 28 5 3%
FEA R X L B A (Daylight Saving Time, DST),

RYE Oozie FHiAH2Y £ TR BE 261, 1H B 87 S hiASHY Azkaban F SRS — A0 FR Y
AR (frequency scheduling) FU{EFH LB, FRAIBE G- H A,

HBIEE | 161
ER#tX£R largelove(largelove@163.com) £= EEHRN



6.11.1 {&kIUKIFE

BT R g e PR DR B, REABAE FH P R b P AT — A AR bbdn, iR A AR
B 60 AT — A TAER, #Ei7a/ NREHRR &, A FTUMERZTT Oozie coordinator.
xml 3,
<coordinator-app name="hourly-aggregation" frequency="${coord:minutes(60)"
start="2014-01-19T08:00Z" end="2014-01-20T08:00Z" timezone="America/Los_Angeles"
xmlns="uri:oozie:coordinator:0.4">
<action>
<workflow>
<app-path>hdfs://nameservicel/app/workflows/hourly-aggregation
</app-path>
</workflow>
</action>
</coordinator-app>

FEIZGILA R B G — A, G5 RALRIIGER 7 SR RIEAE UTC

I T Y B0 I8 %% R 4 hourly-aggregation, 4 60 47 %fiz {7k hourly-aggregation T {E{i
(frequency J&PEAIERINBLIC A 40 h) o 1Z TAEREE —RIiEf iAo 2014 42 1 H 19 H |k
8 s (UTC D), Befa—kia il 4 2014 45 1 A 20 H B/ 7 s (UTC BHED), X
SRR — AN, SR RE T, AR iE TR LAERE AT HDFS H % hdfs://
nameservicel/app/workflows/hourly-aggregation ¥, 4 ¥R >4 workflow.xml B9 3 #:p, HF
start 5 endfield IE4FAHZE—K (HD 24 /hi), FREAIXAS TAERGEAT T 24 K, Oozie H3%
Fr RAG M 5 TR E R 41 cron,

6.11.2 BfE]a ¥Em 4 X

WH, TR SR e EfT, (R XFERTE RREsR A B 4 b — A e I BE 4
B NRE K. AR R BARE S E 4 X, 4 Oozie thi 2% AEMS A ik
— A TAERR . WA FARE, WAS NS R EZEIREL GFAE, B8
HAEEE IR, 20 R4RE timeout=0, i HEHENFAIE, LW AR S &% LIER. I
H, hiASASEHRAEEIE G AAE, EREA A D% coordinator-app 1 fi %]
Y frequency PRIk ik . BRINBURBRFEF(A]h -1, X Oozie Ak %5 & 25 P A &% 4b TP 51 55
ik, BERTAMERG MR —iETl, AR IRIE R EHR 2

FA11E % Hadoop ##E 5 Oozie Mk 55 2 #BME AR E M, LR RMNE R 1 KR,
/NSO T — R . AR bl R b SR AR, PR R R SR B Il TR
{ito {E Oozie HSEHLX R IR A G140 F TR,

<coordinator-app name="hourly-aggregation" frequency="${coord:days(1)}"
start="2014-01-19T09:00Z" end="2015-01-19T710:00Z" timezone="America/Los_Angeles"
xmlns="uri:oozie:coordinator:0.1">

<dataset name="logs" frequency="${coord:days(1)}"

initial-instance="2014-01-15T06:15Z" timezone="America/Los_Angeles">
<uri-template>
hdfs://nameservicel/app/logs/${YEAR}$S{MONTH}/${DAY}
</uri-template>

A
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<done-flag>_DONE</done-flag>
</dataset>
<input-events>
<data-in name="input" dataset="logs">
<instance>${coord:current(-1)}</instance>
</data-in>
</input-events>
<action>
<workflow>
<app-path>hdfs://nameservicel/app/workflows/hourly-aggregation
</app-path>
</workflow>
</action>
</coordinator-app>

MR R AD 2014 4R 1 A 19 H B2F 1 8 JF4E (FE UTC w2k 09:00), A BiviE 2% 45 KA
Sfih% . datasetfield fffiif T 76 TAE IS T Z Al T B B IR 4E .

R UM S AECFRER BT, [HIAE UTC rbric 7 FF4R 545 N,
Oozie f£ UTC kAT A~ 1, 1M HLAE A I DR 7 46 15 45 SR [A] 25 S 3
PR TR, XU T DST 1A,

frequency bric THIAR, AL A4 Bh, I ECHE 8 0 R I S A, Oozie {f FHIX Fl 5 & 48
BRARE LB T o RIS 0L, T AT H ${coord:days(1)}, 1fi ¥% A % frequency $7
TE A 1440 (— KI5 BhE) . TR RIAE T 24 DST FFAA 0 4E R ist, — R shi & k7%
ft. initial-instancefield 54 #E S —kH B, 7F initial-instance Z g H I 52

SiWi 20, HDFS 4517 508856 H S iU BE 12 uri-templatefield 2 S, URI ¥57 fifh /app/
logs/2014/06/19 . /app/logs/2014/06/20, %%, 2, thiE % $148 $8 HDFS H 7 & &
A {E £ FR A _DONE WL, DARfE H et & fE R i b PR AL . A8 SCIF Y & 8k e done-
flagfield $2 4k, ZnAL:Kf done-flag % A — A28 F 7, Oozie #f A L AIRE G AF1EH
5o URI A5 A Hf f F (Y YEAR, MONTH L DAY 25 &k -F UTC iy s brf [a], A FHE,
Oozie 5 H AW AT45 16, Zndi A2 b 1 & e fE 2014-01-19T09:00Z (H[I, UTC KA 2014
F1H19H EF9m) ik, FB4 YEAR, MONTH 5 DAY 43 Hilme 4t o4 2014, 01 5 19, %
B, Xt iAs e e il kB E Cinflgg e B 9 R, BA—E & LIRS Tt
] (AT RERRZEE 2 T AR A B ) o

Sk uri-template H {f% #fi YEAR, MONTH L5 DAY, FF LA initial-instance (40
06:15) F/NIF 543 gy H AR E, Toibad 06:15 & 06:16, #LTHSf
B [a]— WA, i B — ks 7 URL AR, REE B H) i £ 7B ] e S 5]
UTC I} [l IR URL (YEAR, MONTH, DATE 15 UTC [N il i AR L 22
), initial-instance f/NE 55 ity fEA ZHIh A EE,

input-events field & AT TAEGR AT TR BRI AR . EX A0 7rp, 3018 B B 1%
ENTFENR LG, Bl Hig e x4 B EBIR L TR El, s, i8R —K
BTSRRI, BrLARE ${coord:current(-1)}, XAFRIEMLITISLHIS piEL{bt h UTC, 1) H

HIAAE | 163
ER#tX£R largelove(largelove@163.com) £= EEHRN



S B ZLHb 7 A5 B YEAR, MONTH, DAY, 44k

M T IERTAI G -3 A 7E timeout, PFrLAANRTCEESRIEBAR GBI, Oozie ARk 55 a5 JCFRIY]
SR, HBI DR EBIRE R Bla T TIER. XMHLT, ARG ESIREH L, 1K
SHATRIGIEEREZ, HK (concurrency) % T —MEH AL, A LA FBiIRELE
E—fEht s, HEOME 10 ke — AR TRE S Bk . TS
PIA~ 8 2 A~ S BILEHEBN S Fr it T IS AP AT A 4, BRIA FIFO (First In First Out, JeiEstil,
BB e il R AR5 B et AT) o Hefbi B4 LIFO (Last In First Out, JEiESett, Bl Jefil
REMES HIeitfT) 5 LAST_ONLY (Hlsfri /et ZAIES ) .

AR AR F R AR R, AL 2SS AE FIFO an & W El B frhhiE A, B
£rix 2Kk B 1Y coordinator.xml LA T iR,
<coordinator-app ...>
<controls>
<timeout>1440</timeout>
<execution>FIFO</execution>
<concurrency>5</concurrency>
<throttle>5</throttle>
</controls>
<dataset ....>

</coordinator-app>

BHh, R P RALE Oozie RS 23R & Al LIRS ECHR e, J HAERSE 2 R i 2 4%
2N, ARARTLLRE timeout 5B A 120 454,

AL & X 2K B coordinator.xml X4 R AR,

<coordinator-app ...>
<controls>
<timeout>120</timeout>
</controls>
<dataset ....>

</coordinator-app>

A0SR T PARA A AR SE B AT LR A BE S ], b DU CARTCIS 8k A, B IRl LAt
tineout E A 0. ML, FETEERGEARAEILT, WA RE R M A & —H 52
IR

A, PrRtunreeilsd 5@ — A EL LB (fomoe R ki 2 e e, BRCALE, RiMN—E
FELTRR: H B ARIEIESE . IELLRNRE— /DB ABIREAIGI - anfde B
WS ABESE, M HREFEEACE 24 /N B A RE e B G — A/ NS5, I8 PRl
CAIRSEF 46 5 55 A A Bea S Se B L . (R BEIX /> Ph R & £ B/ DRI 28 10 23 P 2
A2 Z A & AT 55 a0 T B

<coordinator-app name="hourly-aggregation" frequency="${coord:hours(1)}"
start="2014-01-19T09:10Z" end="2015-01-19T710:10Z2" timezone="America/Los_Angeles"

A
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xmlns="uri:oozie:coordinator:0.1">

<input-events>
<data-in name="coordInputl" dataset="inputl"s>
<start-instance>${coord:current((coord:tzOffset()/60) - 24)}
</start-instance>
<end-instance>${coord:current(coord:tz0ffset()/60) - 1}</end-instance>
</data-in>
</input-events>

X, FA# FH ${coord:current((coord: tz0ffset()/60) - 24)} {EAIF4ALH], Tl 18]
ARG -24 #5y . 28 BRI, coord:tz0ffset() T34 Y RN X 5 UTC Z Al HEL
fiZs, $2H/NESREL, coord:tz0ffset()/60 [RIFEHMLA R T W2E. AT InFlfEr R, X
HLR R IE R BRI N A -8 1 fE DST Z WA —7, 4 RF%f 1A ${coord:current()}, A
2,5 fih % I} 7] 2014-01-19T09:10Z A % J% [ S {5i] & YEAR=2014, MONTH=01, DAY=19, HOUR=09,
1R, TR BRI TR = A2 1Y, BEAR IR AR R L AT R A 2 B2 1 A, A0
LT BIHATFAE, Ky TIRBUAHSE L], A TAERA L R X %, H4hUT ${coord:current
(coord:tz0ffset()/60)}, R AMBZEIRIVEL S Fefa— A~/ NHHY 24 /NBFS ], Bl mids 1, 4
FEERISLBl, Wik 24, WIRTCAESI SR epl, SHEEE, SEaiiIpl A SO
Kfwzs, BREETROEIEE SR BARN, WA R, RO E AT LUE A ${co
ord:current(coord: tzOffset()/1440) - 1} (1440, %W H B AHIELE), MAERE
F ${coord:current(-1)}, {HFATNMERIR BT, B B X (2538 5 &8 /T 1440 4%
(24 /NiE), BRUABAMES —H M 0,

PP AT RETE 24 /NI [ B (% e B TR, miJa T ARG, Oozie $2flt 7' — R 51 T
TR RS, REMETAETFRE LI AR, R e sy TR, SRR ASE AT FR.

<coordinator-app name="hourly-aggregation" frequency="${coord:hours(1)}"
start="2014-01-19T09:10Z" end="2015-01-19T10:10Z" timezone="America/Los_Angeles"
xmlns="uri:00zile:coordinator:0.1">
<action>
<workflow>
<app-path>hdfs://nameservicel/app/workflows/hourly-aggregation
</app-path>
<configuration>
<property>
<name>dateHour</name>
<value>${coord:formatTime(coord:nominalTime(), 'yyMMdd_HH')}
</property>
</configuration>
</workflow>
</action>
</coordinator-app>

L& £ UTC it & IbF, coord:nominalTime() ii% [t 7Y il X FPEDL T, TAE
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M — A #FRA) datedour Y28, £E HETHY/NN Z NIZZ B E 2 — ML+ 55
Hio RERANSHSATRARME, —6.9 W FURIZHL,

6.12 HMITIIER

AR EHAT A LR SCE thiA e, I8 A RTEZEE 4 XML 5€ S E ] HDFS H, [F
FEAL B E T AR AE HDFS fF TR I T A JAR e X fF, 4n6.10 i ik, 8 FR%E
E S —A @S, W fi 444 job.properties, X /N3O N 1%L E BT A IR FRAE AR A {E
FAMIZ 5, R M5 7E oozie.wf.application.path, BIT{E7E X XML X4/ URL, i
ok ${nameNode}/user/${user.name}/myworkflow, HHESgELL FTHINE.

¢ nameNode
NameNode ) URL, Ji%X5 hdfs://hadoop1:8020 #H{L,

e jobTracker

JobTracker {YJ URL, L hadoop1:8021 #H{L),

B, anf TAER & Hive, Pig 8% Sqoop #1E, A4 Oozie & ZRjIMX L, X H]
FEELAMEA Oozie 223 ($5 Oozie sharelib) HJ—HE4r &7 T HDFS v, [HZH LR
TP, $f oozie.use.system. libpath=true H4NF| { & B SR, R
6.10 7.

AT IR 2% th F 2 A1 & oozie.coord.application.path, HIBRH % & X XML #J URL (kb
#n, ${nameNode}/user/${user.name}/myworkflow/coord.xml),

6.13 /&g

AR VRLE Hadoop BRI, 45 B 2 Rl AR A rl— FhAS 3 WRIIRHC &, B4R
TWE AN TIEREHE ARG, WRREEHAE Ak B LS5, AT TEIIRTF
RiZS|%, [ AEAE S FF Hadoop, RATLARERERE, (H&TRATA BB A (AN 3 WY 56
RiXof, EE—MERT, REAZMEH—FEAFRIS 2, 41 Oozie, X—HEMCEF
gi-teat, HA(Ess, FESHLEERE,

MFVREIR 255 A LR A2 T Hadoop FRi), i BRI TAER Sthils € ik E T
HDFS #1, 4 Oozie £59EH L. AR IR {E FHEY & B & Oozie & AThR, WITE 24Nk,
TR R 5 R, oAb v DUT A WJTIRE S B HE Azkaban, Luigi 5 Chronos,
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BTE

Hadoopir SEBH4b3E

—H LK, Hadoop fEEEAN I &gt (it f rp A B AL B R i f 6, Joc i L AL HE
To st A B B n#& 2 Hadoop, 4% TRl fitab (TS (Gl % R H MapReduce 528 ) Ak
PEE . X RACHEAYH W o 44— N3k (Extract-Transform-Load, ETL) ##a4b
Bk 2 ——R 8 HE n#5 E Hadoop #, #BBIEF G ot S da b fr#6 1L 1, DI A%
TR, R ImEE TP RgHh (bhanse 2 REARE) .

Hadoop & 3 H- 47 R0 BE il S Bedia (0 DhRe S L ik TR 2 b, (H 2 A Lo il S0 T4t
ROERAG B SE Y SE I SEoR, SE MR UL, BI%AR T KR SR, AR SR AT 4.
SEAE R BRI X AR B, WA g AL BE Bt . X P2 T B BodiE b B R 1 R Ak 2

(stream processing) ,

Fialig, FEH LEEMS] Hadoop A RGH K, X FL L Kb B 5kt T
R g, X RSB AL P T B 245 Apache Storm, Apache Spark Streaming, Apache
Samza ZF Z4¢, % Apache Flume it Flume £ %% (Interceptor) WEEMSIEMAt T+, 5
MapReduce 2 R IR IR R GE AR, X 28 T HAEOSLE A P QU & R A B AR, M
AL B FEEERR B R . X e fe LB BT, s —EHF T BdRH, At X
AEAE [ E RO E3E, Wi IEA MR . X PRI RS, (£ Hadoop bR HI &S {Z
fJx& Storm 5 Spark Streaming, ARFERFIHEX BN RS,

T, LA R EAR R, 2 LA,

o FEARBEARIE BT, Bl FEES A I Wb 2 AR FH P SRR A

o WHEIHBAHT, BN I P SR .

o WAL FIE B 5T, (il g2 F P AToh KB LE B0 K VR BEA T AR B 0 it
o WLEBEAEIEE M, Bilan: B HER HI R s R % H R,
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Apache Kafka Z #H TEEAH

Kafka iX #£79 T B ARV L g b BE v 9 1 T T REA AR 2%, EBR F, Kafka
o mRIHE S, B EERAGREL FRR I TRk, LA
PRUE PR PR I B oK . Kafka & —FloR oKk TH., HgHAREIEHAR 1%
e R SR B RS TH EhRE .

HEM— R, R Kafka A& — ML 258, (HAERZ 2%, Kafka
0 VS RO AL BRI Y S S 4y . IE AN TR ATTAE 1 18 Storm B BT IR F A,
Kafka 2 B (508 4 5 (R I LE Kafka 745 5 B4 T 5 Storm TR RLAF I FE,
TE45 R4 5 Hadoop Hilb, Kafka i 1E A8/ HI—85y

B HEEE RN, RERKHINA Flume & —FREILH], (HI%0 1T
PAFIH Flume #2825 f BhREREAT S -2 41 . Flume #2825 REOS1ETRAT
PAT—LEARH WA R AL BTG B, B AN TE SUGTE SRR, 7.5 s E—2

BHIHXLENE

FHaZar, AR ILAE, A R, X AR 1, i Bl F
SCERIRAN R, A T SE AP BEATITIE, FATTAEAR B 2 At S5 s b B AT R JH SEE Ay o i ) 2
S, B R —— LR EDL A 2R Z N TRV BAE AL . AR ORAY B SR B AL B P T
5~100 ZFb, ILAFFHERN TEARF & IRINTEEK.,

Boh, RERATHELLFNZ: Cloudera Impala, Apache Drill & Presto X FERZif) 5] 4,
NRT | T XEFIRIXLERGE, (HE BN AT RARIE IR A KRBT B AL #t
(Massively Parallel Processing, MPP), FE#£%% Hadoop L[5 ACELY, 55 3 B sHigit
XA RS,

Bl 7-1 JeoR T ix e T RAE— Sk 1N 3erh iz AR IR LIRS - Fon A B 21
BRI ARG, GOK ORI TFoRiX e T B P TI HEIR e L B, R AR a %
I HRE,

B ADARICE B E g, AR Storm 2 Flume $0HE 02 BT St T 50
ZFp, AL R URBX B EETEZAE C/C++ HhsBl B & SR,

AR ok 5 1) 70 H
A
1 1
Map Reduce
Impala Impala Impala
Flume$™ i #% Spark Streaming Spark Spark
H 5 X Storm Trident Tez Tez
~50ms >500 ms >30,000 ms >90,000 ms

B7-1. TXHLBRTA
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(X7 HBase i 5 (EDimAL B A Rr A BT, i HAEDUR SCRe s a2 5 I RE 1R it —
SETHREMERYRG ), FrUAFRA ISR T Anfar Lk HBase 3& HI T NRT 4844,

BATE S T TR 5% Storm (LA AHSEHY Trident i H ) 5 Spark Streaming FIAE
UL, BEJGELER— TiX S TR, SRIG, FRATRAHEH P AT bt g wr ae S AR 2 A i Ab 2 T
R, DIRanfmiefE TH,

7.1 RAbIE

FMVZAERES T, WACHETE MRS, X RSGRE AN RS PR R s, &
BRI, ACEA & — A8 S, F7E Hadoop HELZ A, $ATHREALERRY B2 FH wk
EAfFET, BRIV HE, 40 StreamBase, UL 2RI T Esper AUFR T E., HHAAYT
H. (40 Storm, Spark Streaming 5 Flume £2#%%) fEW%5 Hadoop H T —#2, PfTo4HK
AR AL EE
B XX SRR AR SR, AT e b B LA T % W ThRe. 1R £ NRT # H i 548
. K&
BIF4k e & BRIhRE, LM sTaT o2 — TR . THEESEIR 2 15T s H
B, H LR BRI VRS
s HofH
R EBCRM S E A E IS 1, R %,
o ILFRBAEIEY A
REMB RIS AMER 255 (4 HBase) MINZE, Bk —4&4 it Tk,
o LR BA| AR E RIEE
REMEHE T ARG A SRR RE GO, TR il 215
o 5B 3R 69 H AL
FERHRAC BRI R RE S F IR S —n, Wi T EESCE O i R AR,
o ¥ ¥ Lambda Z&#
Lambda Z2 44X AR L8 ) T . FAT17E T4 it 78 sg 8 . sk i,
BATIA BIER T ARSI BRI EE RS TS WA 8 155 2 TR A4
YU T
2R, HIDREMAE 2. . X SEIEIREL MBI BN T4,
o 5 HDFS % &
5 HDFS 4B 1 5 R 5 B
e« 5 HBase & 5k
5 HBase 2N B SRR JE 5 R EAE
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Lambda Z2#4

AF4#2 7 Lambda 4y, T @AM HEA—T ¢ LA 4, Nathan Marz 5 James
Warren £ LT Lambda Z&#), ZAMA1454 Big Data ¥ A #@ 68, X2 —AFHG
EH, ATTirs 5 5o EeHBRE,

Lambda RABEIHRMH A R=E, AR T HAETRBOEEHERLT THE,

e Batch &
X—BEHMT RFEENIINAR, INAEZHER—FFARTEHAR, LHTHEANRL
RIS H I, ST B AT Batch ALEAE h T A, X423 54 & ey L KA,

e Serving &
A&, Mk Batch LA, A LR FRLER GG E 9,

e Speed &
XRFMTEKAGEERE, ABBINL LN, XEWZTHREALR, TS
ASZHRAREMNE, RAATXELARG BT AKBEREARAL (4= Storm K
Spark Streaming) %,

#744% A5 i% %) Batch & 5 Speed &, /& Batch 2%, #¥EARmE T HEEF; @
f= Speed B, #HHELRN TAEHABAEZLH., £EHH, kaBNEHERE
AHAH. % Batch EAe Serving & 69 %334 T AR, Speed B RBHTUEFT .

AP AR T — AT 09, BT E, A TRRARER LGS A, Batch
J& P B AR O BORIR AR E kA, B AR AR AR 4 T §E 69 Speed B ok LR, A4K

FATE KRB T Storm, FHARE EXTRACEE RGRERIFF & F 0L, THET Storm
2ZJa, Bl P48 Trident, Trident &&—Fh Storm 2 RS, 4L TR —BThEe, Wi

o

/NIHERCFRAEINGE T Storm HYRZLZA

7.2 Apache Storm

Apache Storm & —FIFR RS, H TR XA, Hadoop F F &3 Storm HIFR
LR MERR R, Storm 2RI G ALL T ILA B AY,

TR EHREH B

Hadoop _E:#J MapReduce ££ 583 57 A sSUHEE HE AL BRI AL 1 & 2%, S BEAHTE], Storm
b T VBRI N TR ZE R 45 . Storm fi FH A LAY APT 5804 PRIV IS ok 523
TARR, 5 TRCEEE

T A 48 1

55 Hadoop #H[F], Storm REMSA R IFATAC B i .8, 1T ELREAS I8 1L 8 o 5 A 1] B
AT
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B

5 Hadoop #H[F], Storm fEZEAI E AR AL Az, 5 Hadoop {155 A TS5 A0,
AN ACHE B T R AR, Storm BAEALEEE W LA LIk AR, i HARSS SRR B
hf e, HRFEEE, AMOEFAE (B SERDEHE) AR, XEAHE
FENINBIRFRAL R G 3 HE . BB A — T Trident & ANl P X A (Rl

B AR R AR AL

Storm PRUFEAEid R BAPSERACEL, HIEHRN, HESEH AL, RIFAGHL,
SRR B R XM

e T AR, Storm {# ] Apache Thrift $ i T 15 = A0 vl B4t ,

T Storm B EBEBLR AAEABHITEE Z N, PrLAFRN S8 E SR A(E Storm 5 Hadoop HJ
Epk b, an8k T MEE %, 152 Storm CRY  (http://storm.apache.org/documentation/Home.
html), ZELESEHETE T f# Storm, 15204 Sean T.Allen S£4m=EHY Storm Applied .

Microbatch 5 Streaming BYX3LE

EMBHAET, AANLB—TAEE R KHILE % 69— /i8 . Microbatch, Storm & %k
¥ ¥ A% L A, # Spark Streaming 5 Trident 32 4% 7 — /> Microbatch # &, ft 4 & %
WHEFHFE, EARABRFSHENONSTEE, RELAE, AdATRALIAEER
RAEAHAMNEFmiTiEIAMES, TX2HR, X2 FLXEFE, 5 Streaming A1,
Microbatch Kwe— A & —AF I4F 87 ik, T RATFRMER S R, 5 LM,
it #% Microbatch if % Streaming R #i T 1% Bl £ 4 o9 BRI 0L, AMKRERGHFELT,
Streaming & & 49 ., FIr—EHAT, I RBE LIFH IHF A HF—RAGREL
., #R 24 R %% Microbatch,

7.2.1 StormB 2Rty
& 7-2 & Storm ZEA LA,

F A Nimbus
Zookeeper
SRR ZooKeeper

T ‘

7-2. Storm S4RL2H
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mE 7-2 Fiss, fE—A Storm HEREPAEERFERIATT A,

T I8 T/~ 4 PR Nimbus fU5ECHE, Nimbus 15T LR E Bl BLY A, TS
SrBeApLas R A HEUEE DS . fRATEAIAA Nimbus £(#E 408 5 MapReduce HEZEH )
JobTracker #H{L),

Worker 7 4 i& 17 Supervisor J5 &5 £ /7. Supervisor Y& W - Bl M 4 Bicl 45 1% 15 i 0 £F:
%, B3 R 3 84 1k Nimbus 4 B 45 17 sl 9 548 Wb #E i f2 . 35X 5 MapReduce Hi 1Y
TaskTrackers #H{L,

% A, ZooKeeper 15 55 RE 9% th I Storm % 4 40 HE T 55, WREF i EREIR &, £
ZooKeeper FI{E- RN ERENS [ Storm BARACTE B & T0IRAE, X HF Storm FdEALEE H
AR SCE S, MASHIERN TIE, &, EXMER T, “RE” eI
TERZE, MARBAREER P ERRE.

7.2.2 Storm#mFh

REBR A K B L R Storm $hFMSEIL, FRFME AR, SRt AT AR A R
REPRZ R, 1 Z T IR AR S T B AR s 2 Il s i 75 5

P 7-3 Sh—/~ i L) Storm 4R AMEIF-, BPZMAIRIC 4L, Ak BioR, spout 5 bolt A&
Storm HYFRVE 1, R4 7 AP R IR 92 4, 1 spout 5 bolt BIZ A B 1 Storm 44 $P.,
spout FE ML T AR AI A, AL TTH B FIF AN 28 1A T 8. 2 FE A I AR B A B .
bolt {HRE— Nk Z AN (JCi &k A T spout iB A& bolt) , $hAT L85 Ab s, JRkE
P BT EAR T . Tl B8 )G Sk — 211 spout 55 bolt,

ER, ATt s, me MR TR R FTRCE R, —A> Storm H4h
B—HEsfr T2, BB CRHARS, i B Storm 25 H WL E BRI ERE S .

/

iR

\ ‘

4

L

@
/

spout 2 FaH =3 Shuffle B2

QOO0

@ 7-3: Storm 2iFi+HiHH
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P 1B AE TG T - Fh RS UE R Storm WIACRS, DL k2 B 7-3 vh B sh B el H-Eedn 3 FH 2
ORI

builder.setSpout("spout", new RandomSentenceSpout(), 2);

builder.setBolt("split", new SplitSentence(), 4).shuffleGrouping("spout");

builder.setBolt("count", new WordCount(), 3).
fieldsGrouping("split", new Fields("word"));

BAVRPUH A ER], BE) Storm $RFMIER T 5ARF HERH A A S [ 40 Trident (W 7.3
1) 5 Spark Streaming (VU 7.4 7)) 1 KA —#, {E Storm Hr, GIEE—NRHMEA T iRk
—/N[n]#, fE Trident 55 Spark Streaming H, RZEEFIE MR LA —A MM, iR ME
Ye 2 atla, XF 5% 5 Hive £ MapReduce 42—/ N5 EHAL

7.2.3 JTHRIIER

TEH KB IR AL Storm FHFMNASN I EHEAR B TG . TTALE Storm HIR AL TEHERTY,
—/TEHE—RIETT. AARE (WE 7-4), JTCHF R field 7T Lo Al —Fp2 A0,
Storm &t TRIAAHAY . F4F R S igeH . HP R LLE G —A> B € Y Serializer {8 1
2l o — AR R B O T A field,

2014-07-11,34.95,35.56,34.78,35.43, 18303700, 35.43
2014-07-10,34.33,34.97,34.10,34.93,18064800,34.93

2014-07-09,34.68,35.07,34.68, 34.85,12626900,34.85 S

7-4. Storm jT4H

Bt Storm RO . fE— AR, — BRI (PN s Z [ TE 2 3R
T (WIE 7-5) 0 — ARl DV & R AR BRI

2014-07-11,34.95,35.56,34.78,35.43,18303700,35.43

JLA.

2014-07-10,34.33,34.97,34.10,34.93,18064800,34.93

JCH.

2014-07-09,34.68,35.07,34.68,34.85,12626900,34.85

JCAH.

7-5: Storm Bt

7.2.4 spoutfibolt

EARFASERTHR R, Storm ZEAH 55 AMAVAZ . AL fF52 spout 5 bolt, ‘EA17E Storm FhFhH
TR,
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* spout
ANRTFTA , spout fE—/Hhdh b (i T HARRAIKRIR . AR IR Flume LLEAE, B4
TRATLLE spout 24 VEFA AT Flume 5085, spout M — L8 4ME0 Sk J5 I BOBCHE , A 28 ik
5 BB ES, Ff— A M EARR K A B A hd i AL EL,

* bolt
fE—A4RAb, bolt JFER 1 spout S il bolt IVRCHET, fEKCR T 1 TEAL Ltk 77
AR, & HEE LA TCH T T bolt BIMT RS, W—ANEIERHFAR, SHE
MapReduce fEF5AHLL, & AHIRCHRAL PILE 7 25 H1—/ bolt HESZHL

{EFEENISE, bolt fE&/NI Al SALEE—AN A —foed, B8 — T IRAIFEXT EE Microbatch
5 Streaming B -HEIN A, FEARIBERER T, XMEHATREA RS, WAlfEE L,
B G & THEX — N,

7.25 HERSA
fE— R4, BAER > HfME T Storm {EAE 553 Z AR IR TTHR )55, Storm $24HE T —
Beoy 2 5%, PR AT CASEER B R BAR R s 4. 3 WA AR o 5 E A TR .
e Shuffle 942
TCHBEBEHL A K B — > bolt L], [RIIFERUEAEA bolt S {GI#RFH 22U B[R AF A = I T
REAS MO AbE B — /S e diNy, 3 A+ Shuffle 574,
o field 548
HRARTCH A — A B Z A field #EHITCH BE & X F] bolt B 7, X THER—HME, T
H S KEF Rl bolt, 5 MapReduce UHEACFEARLL, X 5 i (ERELE T i 540 X
FEAEL, 43 DX B A SR P AR TR A BRI K s B4R TR Y Reducer, T2 T B TE /N4
W (bbdn, BAER), "TUMEM field 4, (EREBMZE, 4T MapReduce K A
R 8 S RE Kk X FIASEIHY Reducer, {HAE 5 MapReduce A[F, {# ] Storm &, —A4~#—
[ bolt 584 AT LA 5 HAZA AR G A TT A
o 2o
T RTA 200 bolt, & HIEHRRAIIE.
- bk
$— 2 BB R KX B — /B — bolt, 5 MapReduce {55348l CR BT A A & %
F|—/~ 8. Reducer) ,
BRI HAE T 5 HA 52 A48, 1217 Storm CAY  (http:/storm.apache.org/documentation/
Concepts.html) ,
KeHE i 5 A2 Storm BY— A FEZER AL, 1 B 5 & R RE DA A2 Tk, IER i,
5 Flume ZGAHLL, Storm Hi& & W S5 3 FH%E S . Flume REWS W F M-I phAT
EHE5E SYEIUE, (HR A& — R RS, TLEAIBEERIEoH, EARBS X 54
AbPE, R, Flume HA 5y XHIThRE, (HETREEWIER FE S, R L Storm 2
EZ RN ER EFEATE L, XA A S TR,
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7.2.6 StormMNATFEHE

Storm {EACER TR HE TR RIRE BRI IRIE . MRARFEEEANTE], (RSB A 2% B -0 A 5

K%, LATFAARRBICRUERRSE

o % ZAE—k
XA e A A SR B, i BLE A AT DA iH B BRI B i X FhokoP oAb B
i, FRATRIUE T — A e B R Bk LA AS S5 et — vk, AR an R A e A v R
TR, ST ATREE AT B st i & FE . than, HFRERBE R, BIREAERGT—
LEfR AR A

o RO RHE—K
EAACERUEFEA TTH B> I BE— 1k, AHE ARl A2 52 Je A o e 3R i B Ab PR %
W bedn, anRAEWhE TCHRCEE Z Bl 55 fRiit, Storm FHHTACPETCA, IBL e vTRES
WEAAE, HOmX P RIEAKCE R B R s IR T N 2, # TR AR AE X
Bob BT X MGG A0S R0 ARG B R R B DR E 0T
IR

o WAHE—k
E i E R — A RUE R, TTAHRECE—K, mH AR —R. XA ERIEKERE
T B R R SR ALY . HAYIEE, AR AT A B T R B R A
B, EE, XFRIEKEATRES IO Storm 2 _ERYHMRh%, Eban Trident, [Rh
XL E AL, FATPAE 7.2.7 i — 2P He R IR ERIIN 2

HE, A TTRNEERR, HECHI AR BIRIUE, ik, anRedbrldf

HBELEE R, —A Storm $EFMHY spout SIHEKIRTFZEARE H EHKIEHE. Kafka 25

Storm —fHH, JREEIE NI R EReiE1L spout TE KRR K IEHE .

7.2.7 {XAIBE— XN HF
ETSRAACPE— k), Storm 2L T A IEEE,
o FHiEisd

£ — A F & M 46 fF (transactional topology, http://storm.apache.org/releases/current/
Transactional-topologies.html) 1, JTAHACBEIEA E#io BB B o

o WCEERYEE, FRATACEEALITAL

o PRASHYEY, PRUFIREE I s fHhik
KA BREE 1Y, REITHUCE, (RIFHKIR S HAEFER E T kik, &L/l
ARRA) Storm #RFFH T S5 MERFN, & Trident, Al Bl f5 ST 4R,
e Trident

S MR FMELL, Trident (http://storm.apache.org/releases/current/Trident-tutorial.html)
A& Storm ERJ—FE ARG, FR i T ZREH
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o Trident {2 EHRIAINERIEST, WMAH. BE. o4, S, #H PigitEE
S5y BRI E AT,
o HEM—SR, Trident XHEF AR —IKIE X,

FAnURATEZ 2R, R Trident 3 2438 A BN AL H — k@150 . BT Trident pYfLHD 5
PUTIRIVES Storm AHZEMR I, PTLAA 5 A 1 0 PR 5 5 7 A M B Trident, 35 H 42
A, Trident 55 Spark Streaming AEF A0, FRMIBEFHEFH.

7.2.8 B

Bk T REAS IR UECLHACTE, Storm L RE7E AL H b #2 1 ER A AR 1 00 s it 1 tH B0 B 2 B (htep://

storm.apache.org/releases/current/Fault-tolerance.html) fR{FALEE, Hadoop F /&R #4& LA

THhRE.

o R Worker {22 1F, Supervisor AbHLS B H T ), FRE MR, &5 SHBR S —
BHLEE .

o RS EEEL, SEAAA EHRIES SN, FimSER BT,

* {5 1EAY Nimbus 5 Supervisor &bBE /] LAFE #7580 , 1fi HANZ 5200 Storm BE8F - AUAHRALEE,
FAl, 4 Nimbus Z0H EFEAK, Worker REAEARSEALEE,

7.2.9 Storm5HDFSER

ZHTBEATHERE R, Storm SLbR o RMAVEE OB R 48, (HRIRES 5IMNBRS, L
T B A IR A Sink 25 B, BLAE Storm I H H 4L & —Ff HDFS bolt (https:/github.com/
apache/storm/tree/master/external/storm-hdfs) , A& A 57735 A HDFS, {H &
A% &, 1% bolt 55 Hadoop FY 4 Bl AH X 2 fifl, A4S HE1R Flume HDFS Sink (https:/flume.
apache.org/FlumeUserGuide.html#hdfs-sink ) HFE S 5 IN=E & HIZhRE.

1E25 45w {f Bl HDFS bolt 5210 ILA.,

s {EB AR, HDFS bolt FUSEHL L F—ik B A—AJC4, RN REWHRIEACEL Y e 0w fs
FE[RID SO A E] HDFS Wi, (Hg, X Fpsik RS iR BdR =4, than, fEgk
BOtdl 2 )5, bolt i1k T, (HILR LA A2 F] HDFS,

o [AIFEHLETES AR, HDFS bolt A3 FRali SeA s 4130 2 4biakg s (4n Avro) o

[EREREAE, XEEIFAE Storm HEZEA B RIPRA, [ HDFS SERAIAWT R &, [AIEiR
RES A B

7.2.10 StormE5HBase&ER

FATEHE T Storm 5 HDFS S St 7522 7% JERY R/, 31X L6 (][R 438 ] T Storm 5 HBase
(https://github.com/ptgoetz/storm-hbase) A, XFF HDFS bolt, R7 % FEi%E4H5 3CRY I
At RIS, AR S B AR5 2O 805 5 A HBase Y, A — 44l — 1> put,
LG put FEIEBE ATk, WAL (Write-Ahead Log) H &#BS5[RI2P 5 %] HDFS H =44
TRAIEERE b, X AR HBase 5 A GE BURKHIPERERZ NN, 2 7-1 W E—A/ NIl B8
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LRI AIPERE . X Le A RS R AR AL PR LB BRI A S AR, (HAE RERS
HORIUAS [R5 B ALK/ N AR

R7-1: AEAREBAMEXIHEAE

Abﬁ/
HERS

SRR BHOFTH [ENFTHH [ #LEEANKD [LBH | SPHOPuORE
3 RRIHREREAIML |32 1024 1 4 3180

3 RRIHREREAUML |32 1024 10 4 5820

3 RRTHREREAUML |32 1024 100 4 38 400

3 RARTHREREAUML |32 1024 1000 4 120 000

4 7 RSERHL 32 1024 1 10 28 533

4 7 SR RL 32 1024 1000 10 389 385

[l Bl Microbatch 55 Streaming AU LE, X & —AMRAFAY{E %1, Microbatch A 2FIH T
HBase &M1&,

7.2.11 Storm=f5l: BEBIHEY

(EVPA Storm 21, Bk F——B A/ N, LS SR T e o
3P4 (Simple Moving Average, SMA). Tl THHSE T 5B h eI N /(A9 T 9,
HETTEEL T/ SMA, R . N R — it FEO—— L S S A T P

ARG TE — A AR VBRI, T & DR/ 3, BA S5 AT R,

Next value = 33.79, SMA = 33.79
Next value = 35.61, SMA = 34.7
Next value = 35.70, SMA = 35.03
Next value = 35.43, SMA = 35.58
Next value = 34.93, SMA = 35.35
Next value = 34.85, SMA = 35.07
Next value = 34.53, SMA = 34.77

&R/ 3, Gl TR T G 3 AMEREY, EFFTARIRTERIE. ERERA
PSR & ER SRR E I E 1, BTLLX R FIRE 43 50739 (moving average)
BAMEZBIR A TS B, s,

stock symbol, date, opening price, daily high, daily low, closing price, volume,
adjusted close

FATRAEK A MR SMA THRRE., 4 THEEIER, SR Cr s Ridek & L
T field H,
ticker, SMA

Br TIHERSEEY, ARGLEEH] T HDES bolt 45 4410 7 Ak A MEHh (R A7 /£ HDFS 1, #2{ik
T/ Storm 4hi 45 Hadoop ISR BB, ABISLBLHIFRFMNIE 7-6 Fis.
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JBe Stk
il

B 7-6: Storm {E£IZEHFIIIHIM

A TRB — T BRI ID T,

(1) TR AR R AL, A TR, X BIREAAIREE: B —A S EHis
Bidsk, Ebep R, ids—8ok B AT R ASRIE, 48R %1, Kafka 8¢ Flume,

(2) B Z i ic el &l Storm spout KX FFRAA

(3) spout XHEICH %K 1% B P A AR bolt: —~ HDFS bolt J% {5 25 ¢ JF 410 5% 7k A M A7
fit%] HDES Hr, —/M#HT field i bolt T2 ERSE) T4,

(4) 3k A T bolt Mt T 25 i B4 S22 80 #9119 bolt,

B TE— T IR L BT EA D,

B IEFE— T StockTicksSpout, ‘B AMRIRFMEME T — MIA M. AT HEER, HAO1E
StockTicksSpout % A —/~fAi FLfY spout SEBL, FNAM SO IS

public class StockTicksSpout extends BaseRichSpout {
private SpoutOutputCollector outputCollector;
private List<String> ticks;

@Override

public void declareOutputFields(OutputFieldsDeclarer outputFieldsDeclarer) {
outputFieldsDeclarer.declare(new Fields("tick")); @

}

@override
public void open(Map map,
TopologyContext context,
SpoutOutputCollector outputCollector) {
this.outputCollector = outputCollector;

try {
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ticks =

I0Utils.readlLines(ClassLoader.getSystemResourceAsStream( @
"NASDAQ_daily_prices_A.csv"),
Charset.defaultCharset().name());

} catch (IOException e) {
throw new RuntimeException(e);

}

}

@Override
public void nextTuple() {
for (String tick : ticks) {
outputCollector.emit(new Values(tick), tick); @
}
}
}

O Xt T1% spout ZIEHITCAL, E X field #FR. X FATHE A0 AL RABVE A T KK
HFRA tick,

@ LSRR AR List YR,

© 4 Storm HEEAFIRIUT —AJCdHl}, nextTuple() i dk i, WEEE, 1 emit()
Tk, BASRIEEATTAR S B T —/NHE ID, Kb AR EE 78 —47cdH.
EAEOLT, BRATE AR T A 5 24 E ID, PATax FhE E B T A REaE 5k A0
A TCHRACEL, HIERUE T W Ftk . B PR SSEREERY bolt REDZFIHh & — T iXFh
WINERIE (http:/storm.apache.org/documentation/Guaranteeing-message-processing.html) ,

AN 7-6 Fiac, JTCANE R % B F A AR bolt EFFALER . ParseTicksBolt i M Eik M T4
TR AT SE 22 field, HDFS bolt 5 23k 04 F: A M 77 fi% #1] HDFS 71, ParseTicksBolt
R THIR,

public class ParseTicksBolt extends BaseRichBolt {
private OutputCollector outputCollector;

@Override
public void prepare(Map config,
TopologyContext topologyContext,
OutputCollector collector) {
outputCollector = collector;

}

@Override
public void declareOutputFields(OutputFieldsDeclarer declarer) {
declarer.declare(new Fields("ticker", "price")); @

}

@override

public void execute(Tuple tuple) {
String tick = tuple.getStringByField("tick"); @
String[] parts = tick.split(","); @
outputCollector.emit(new Values(parts[0], parts[4])); @
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outputCollector.ack(tuple); @

3
}

O hiZ bolt KiEMITCALE XL field 447K,
O M BRI PR R I
O HEEA kIl
O KiE—AFTTH, %o B AR S SRS A
© WHHEE L spout HAYTCA, WHINIZICHAALEE,
HDEFS bolt LRGN,
RecordFormat format = new DelimitedRecordFormat() @

.withFieldDelimiter("|");
SyncPolicy syncPolicy = new CountSyncPolicy(100); @

FileRotationPolicy rotationPolicy = @
new FileSizeRotationPolicy(5.0f, Units.MB);

FileNameFormat fileNameFormat = new DefaultFileNameFormat() @
.withPath("stock-ticks/");

HdfsBolt hdfsBolt = new HdfsBolt() @
.withFsUrl("hdfs://localhost:8020")
.withFileNameFormat(fileNameFormat)
.withRecordFormat(format)
.withRotationPolicy(rotationPolicy)
.withSyncPolicy(syncPolicy);

return hdfsBolt;
O H7EfiE%] HDFS B E A%,
@ 455 p% 100 LA [ F] HDFS,
© 53] 5 MB Wjight—k ik,
@ 3 AE%E] HDFS Hh—ANBRIE stock-ticks B9 H 3%, 1% H T H AN ES E 3,
O AR E LAY ZEL B bolt,
it AT, BT RS 2 IR S5 bolt A CalcMovingAvgBolt,
public class CalcMovingAvgBolt extends BaseRichBolt {

private OutputCollector outputCollector;
private Map<String, LinkedList<Double>> windowMap; @
private final int period = 5;

@Override

public void prepare(Map config,
TopologyContext topologyContext,
OutputCollector collector) {

A
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outputCollector = collector;
windowMap = new HashMap<String, LinkedList<Double>>();

}

@Override
public void declareOutputFields(OutputFieldsDeclarer declarer) { @

}

/**
* MFFRARF A ticker, HREIREE) T
*/

@override

public void execute(Tuple tuple) {
String ticker = tuple.getStringByField("ticker"); @
String quote = tuple.getStringByField("price");

Double num = Double.parseDouble(quote);
LinkedList<Double> window = (LinkedList)getQuotesForTicker(ticker); @
window.add(num); @

11 REEFTINKATEN R System. out, SEBr1E UL T BT
/1 ZEZE T oLt AR

System.out.println("---------ccmmmmi oo " @
System.out.println("moving average for ticker " + ticker + "=" +
getAvg(window));

System.out.println("---------cccmmmi oo "Y;

}

/**

* SR ElEE ticker Y |t A,

*/

private LinkedlList<Double> getQuotesForTicker(String ticker) { @
LinkedList<Double> window = windowMap.get(ticker);
if (window == null) {
window = new LinkedList<Double>();
windowMap.put(ticker, window);
}
return window;

}

/**
* R Y FTE F S E
*/
public double getAvg(LinkedList<Double> window) { @
if (window.isEmpty()) {
return 0;

}
11 B 0 A e P -

if (window.size() > period) {
window.remove();

}

double sum = 0;
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for (Double price : window) {
sum += price.doubleValue();

}

return sum / window.size();
}
}

O G/ Map, AP A BEERIE H . IEAnaTE e, FeTRTEASE H field 47 2H %
WPk —A~ ticker H AT A BIEHTIE AR —A> bolt, {HAZFRMTARELRUEFAHY bolt H 5k
HeEa/> ticker fUfE, FAIS M —4 Map, HIBCEREARIC, IECHATATEALE bolt 5%
A 2 A PR B

@ O TREATINK, FAVATENRR MR, FrUAATRE AW field, fESKPRIFILHT, 246
HKd, FATAIRES KT S E—/~ T il bolt BEH — AR

O i AT H R IR S SRS A

O RSB EMCMIEIER (BRIIE D).,

© i B RTHIIE A IE 6 A

O M, R BERIE DRFYE, HamHaR.

@ getQuotesForTicker() J5 ezt Bl es B BRI, il OAAEAE, BB Bl
— AR O,

O FPHEREF HATAIE N, B, EHHRCPE ARt & D s .

R P EC E F| MovingAvglocalTopologyRunner 2 ft) buildTopology() J5khr, XFhJ5ikan
iR,

private static StormTopology buildTopology() {
TopologyBuilder builder = new TopologyBuilder(); @
builder.setSpout("stock-ticks-spout", new StockTicksSpout()); @

builder.setBolt("hdfs-persister-bolt", createHdfsBolt()) @
.shuffleGrouping("stock-ticks-spout");

builder.setBolt("parse-ticks", new ParseTicksBolt()) @
.shuffleGrouping("stock-ticks-spout");

builder.setBolt("calc-moving-avg", new CalcMovingAvgBolt(), 2) @
.fieldsGrouping("parse-ticks", new Fields("ticker"));

return builder.createTopology(); @
}

@ (i [l TopologyBuilder 3%, #f bolt 5 spout fEi% B —AFhFhH,
@ & X spout,
© /& X HDFS bolt,

A
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O & LI 2R bolt,

O & KPR HATH R IR bolt, {EE, FAMEH T field 5724, UABIIR— AR
A E#R 2 3t A B[] —/> bolt,

0O 8lE—/14hl.

7.2.12 StormiE{h

FMCLTHEE T Storm 5 Hadoop B, TTHA — T Storm & & 7 A HANEARREI 4R
it SR H A AR

1. XFRE5EN

1E Storm A, TS HEE D EHNESRA S T, EABAN bolt SLHLEFIRE
5 T — 2% WARAE, i H. Storm R 5 A IhREAR A b S b T ax FpAb B2 7Y

fHag, X BN H, MRS I L5 SR EHITHR T S
B Ey, (HIEARAEER, B, £& bolt LM, 15K IFA AR AL
{E. XM Storm GUEEAYE 7B/ AAIEE, X HLAR S — AN Bl (5 55 ik i .

B AN AEN &, Storm B SN EEAL R SE (40 HBase 8¢ Memcached) #4145
EEEAL, EmEEEY R, MIRMTEMEEERIN, F—0 put SR E L 1L R)
DHAE, hFEEML R EIMIR R FE,

2. Ry REHE

FAIERTH e, Storm bolt £E Ui A 2RI VR A REAVIEIR,, JF k& impess sl
T 7 SHRERIIhRE, X EThRE 2T Flume $2802%, An3 A28 O A ERE AL
g 23— R4 (4 HBase 8¢ HDFS) 1, AS[ETF Storm, Flume #] LATELE IR #HZE A K1Y
RO T, it BLEe e TR AL B A S e A

3. LamdbaZg$y

HE, HAFLE 100% T SERIEARR R, ERlSEREREMETE2A TR, 5
Storm ALFREE A I, ARG BRIV EE RS RERIE B T MEBAR 55 . SLBLX P AR
ALFRA AR 5 F MapReduce B¢ Spark 258

7.3 Trident#EO

AN IR, Trident & Storm b F e R AMER, BEME MR DR — R AL B — A S (IR BLAY ) L
Trident FY IR & JF %A QU — 2 RAVHT RS, 2L BAE Storm Wikek, DIESHES
Storm Z [ I3 H., 5 Storm AN[R], Trident J5 1A # 0l & — A 20T SQL #Y 75 B 151 B 45
B, #ATEYL, Trident #2 & AR /E A MORZEE I,

Trident v Fi LA Trident spout 4 Storm spout, 1H %A € X bolt SACH ST, i {#
Trident #1E (Trident operation) FEfFACER, VRELEEER], JEmEMIEIF# A% Storm —FEE
SCOHRARD SR PR RO BR B TR . AR X SR R B i RE, QU T B RO ER R . Trident $2
TR EBRIERA, mdig. ok, AHSodH. MFEME SQL siE MG (4n Pig 8k
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Cascading) WIFH PR, KREEAERIERAEIAREA . Wt i, kR AR e
U Trident b, RN, WEFHRIINZESIREIN, XERELEZ N AL fF
E—ER R{GM:,

WAk Storm 5 Trident Z[HIA A — /> F 225 Trident Ji5 1) 25 JRIE & — 4~ Microbatch
A ——F2 W ST A A LR 0 A A B SR ST T A B PR . X kiRt T — AV, BT
o T — Ik i

Trident B — %08 A& TR “INN—ROCE”, REFNEIRERIE (A0l F 5k
HDFS) B AR B ATCH., Wik, eAEF4HI RN e E T K% cd, mH
Trident REASE PRI, HaPRICAH RALEE—ik,

7.3.1 Trident;Rf: fEEBRBIHELY

BA PR AN B 7, FBBIIR TR Trident S, {AfEENIE, Z A6 HY HDFS
bolt #32#F Trident, RUEX /I 5T ,

55 i ) AR T o B SRR SR AR B R RS B P . SRTHE B AR, AT
FITEATER, FURAVEIRTH A E — iR . XL RAE AT,

date, opening price, daily high, daily low, closing price, volume, adjusted close

1EFATE — ForBIfES A MovingAvgLocalTopologyRunner =2,

public class MovingAvglLocalTopologyRunner {

public static voild main(String[] args)
throws Exception {

Config conf = new Config();
LocalCluster cluster = new LocalCluster();

TridentTopology topology = new TridentTopology();

Stream movingAvgStream =
topology.newStream("ticks-spout", buildSpout()) @
.each(new Fields("stock-ticks"), new TickParser(), new Fields("price")) @
.aggregate(new Fields("price"), new CalculateAverage(),
new Fields("count")); @

cluster.submitTopology("moving-avg", conf, topology.build()); @
}
}

© GIEE— AN spout, 50 T AELAL R M0 5% FUAG b,k BB PR B PR — 0
spout, M— b3 P R D I i A A R AL AL B, buildSpout() A —
BRI H7ik, 7E FixedBatchSpoutBuilder fiE X (B F—/MRIDKHR), X
PRI — /S R U SO, Bk R A T A R HEAL S,

@ Xt T A BRI EA TE4L, T TickParser JARHFHE field.

© [T R A BRIEIETL, Rl ThR SRS,

A

184 | ®7E
ER1tX£5 largelove(largelove@163.com) £ EERRN



O Ezhinh.
EPHRR A B E 2T, FAPEHE—TH T FixedBatchSpoutBuilder T HEAIAH,

public class FixedBatchSpoutBuilder {
public static FixedBatchSpout buildSpout() {
List<Values> ticks = new FixedBatchSpoutBuilder().readData();
FixedBatchSpout spout = new FixedBatchSpout(new Fields("stock-ticks"), 5,
ticks.toArray(new Values[ticks.size()]));
spout.setCycle(false);
return spout;

}

public List<Values> readData() {
try {
BufferedReader reader = new BufferedReader(
new InputStreamReader(getClass().getResourceAsStream(
"/AAPL_daily_prices.csv")));

List<Values> ticks = new ArraylList<Values>();
String line = null;
while ((line = reader.readLine()) != null) ticks.add(new Values(line));

return ticks;
} catch (IOException e) {
throw new RuntimeException(e);
}
}
}

KMELERD, PATHFEEOISE —~FRRARMENSTHL, XEMEF TR A Trident AP
Y Aggregator, 40 FH/R,

public class CalculateAverage
extends BaseAggregator <CalculateAverage.AverageState> {

static class AverageState {
double sum = 0;

}

@Override
public AverageState init(Object batchId, TridentCollector collector) { @
return new AverageState();

}

@Override
public void aggregate(AverageState state,
TridentTuple tuple,
TridentCollector collector) { @
state.sum = state.sum + Double.valueOf((Double)tuple.getValue(0));

}

@Override
public void complete(AverageState state, TridentCollector collector) { @
collector.emit(new Values(state.sum/5));
}
}
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Q EHEANHRPACEE Z /A nit() Hk, ZMERT, IRMRGIE A& RAH
X5, (R E, CRA SRR rh I R B TR BN,

@ kb A JCA AR agaregate() J5ik:, 1M HLiZ 75 45 el B4 M HHTUSC AL AN RS B ST

© LIk AE T AR LS AP JE, A complete() s, FFITHEIIAHAFEY .
EFHLKR

5 Storm HilFAHLL, XA LERE L, {H Trident fRASHE L Storm XIS ERERf, Tk

&R RIS 27D E A FRTh, FOR e URERBATOEE, (AL T,

Stream movingAvgStream =
topology.newStream("ticks-spout", buildSpout())
.each(new Fields("stock-ticks"), new TickParser(), new Fields("price"))
.aggregate(new Fields("price"), new CalculateAverage(), new Fields("count"));

FMFTERE —L A RS R E) P, Hag Trident L ERZNERIEME, fE
5B WAL PS5

FATELHEAR T Trident, 08k THEE £, TESPIAELSCHY (http:/storm.apache.org/releases/
current/Concepts.html) 8¢ Storm Applied,

7.3.2 Tridentif{h

THRET Trident IEFAZ, THIIRATRE — F B SEIER HEFREFE R T,

1. ZHEEEEAL

5.0 Storm #HEL, Trident AR KPR, Mk, IR ALBIINTT6E RS, ity
BEar &,

2. Ry 5 EE

3% B RAZA L 54%.0 Storm FHRIAIENRE, 1T Trident, #tik R —EE 3, x5 Spark
Streaming H LA [E, 5 & B IEMY Microbatch, FEWALE R %% Ak 2 B GF1EER,
FHIC, Trident FRIY “batch” HAIE A& —2JCd 45 R AL IIARIC.

3. LamdbaZi#y

Fik—k, HFAGERETRNEIRR G, HAMEXE Trident 8T Storm, RERT
S Lamdba 2244, AT 155475 224E MapReduce 2 Spark 55 3 i SEBLHEALBE

7.4 Spark Streaming

Spark Streaming <& 54 (it AL B GURITIHTH4Y . Spark Streaming 7557 FI|F T Spark RDD (15
KRZAL, HHa Eed: R R — kO PRIYIE L E54A . 5 Trident 35{L), Spark Streaming $213t
T—ABARmAL R %, B R

AFREIE F 2205 AR FLE 2~5 FPHY Microbatch FACFEEHE, BB 2 {8 Spark Streaming 2347
EIY R

o ATEATRRIEERREAL, TSRS,
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o KPS R SE (40 HBase) R,
o (EECREGR SHUCE Z A2 RS,
*  Spark Streaming [} Microbatch #5575 7o V-0 55 A5 B B AT A il 280 P JXURG: A

7.4.1 Spark Streaming#fi

ELA %K Spark M9 JH A4 & B, Spark Streaming 7E RS Xk 5 API J51filE Spark E# A1,
A1 S it Spark Streaming ) StreamContext, 24& SparkContext (¥4, [|fL— T,
SparkContext & Frifi Spark i MR A<, StreamContext #5 K HY A [a] 2 AbfE T — /> Wk BR AR
batchDuration 2%, XA~ RIS E Btk blfg, TR GS3F eilb T e,

#%.0> Spark {i | SparkContext Bl 47J%4 RDD, 5HAH[R], Spark Streaming {if ff| StreamingContext
G MI4GEHY DStream, DStream J& RDD HYF%e, PIERIAIE ZAE T 150 EAREAERY
ZRPH. b RDD ST T A4 fisiy, ANl A8 SE A, 1 DStream 5IH T S5tk & H ARG
M, oA, AR EA, AT TR TFES, FRATATEHE—4 DStream FH/E—~HLAH,
g BB St R EAWT sy, (R e effibrER, A3, RDD A&tk (18
AAZEY) FYEG, i DStream EHUA, FREAKWAE, SLhr bl —RFIAAIAER RDD 4K,

A S 2, FRLAFRAT A Spark Streaming FOJLAMEIT-, AR5 IR B G 77 Kotk A7
iR
7.4.2 Spark Streaming =il : &K F0

FeAE L —01F, X/F]Tf# FH StreamingContext G| T —/~ InputDStream, )5k
A pt i S5k, 4n® 7-7 Bios,

sosese [ [ |- Twmpatl LI pop
Jae tream
N [
B |- Rawinput ROD >
DStream i i
%’1%‘%[:_ Filter H Count |2| Print
AbEE
RDD
3 RawlInput
B > DStream RDD *
24 20D N 4[]
Mer 1 Filter I'>| Count |'>| Print
RDD

7-7. Spark Streaming &8 3kF0

RAWFIE— Tix gk, BATTELEES HEL T LA,
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o B AANRELM IR, W HAZEEIR T Rl R GEAS R RS I O,

o InputDStream jf i SO S At H- 4t i & 21—/~ #711) RDD HAb#E,

o AT DStream IF AN B AREUELHE . PATIRSHT B —/N A W] 28 1) DStream, FA 10 J5
STHEAERNZ, XORUE T Lok rT LA Zhith 52 i 2 B &k ik

e Spark fE[A]—5 % _FisfT,

e f£DStream [y _E T 3CH, RDD ZEANFEMIN B, WNELEE, LI RERT T 5,
RDD gt ## R, (HixH st TIER pyat Efith, BER I 2 H &R MEH
[H RDD,

Ja GRS PR, XA T-%H5F0 k1% 3 Spark Streaming H AL 25 #id] the AYA) 11145,

val sc = new SparkContext(sparkConf)

val ssc = new StreamingContext(sc, Seconds(1))

val rawStream = ssc.socketTextStream(host, port, StoragelLevel.MEMORY_ONLY_SER_2)
rawStream.filter(_.contains("the")).count().print()

ssc.start()

7.4.3 Spark Streamingzrfil: & EEHEIN

WAE, BeffEaidE—F, BN £ InputdStrean, FLEFRSAMT LT, EE 78, 3K
{144 =/~ InputDStrean, i ELEHITILiE SoRFNZ AKEHIE A . 3 BUESR T ALFHEKET &
BRI, DR NEAIHIT, Bl 21— (R, TR, (EIEA 2T T
T SRS S R, AR TR IEIX A B D s, DA R B 22 BR A AR 25 3
ZALEL AN 7-8 BT,

—

5 RawlInput
b e R el o )
# st 2 RawlInput
ig’é%t_ Bl > Dotream [P R0D
. 3 RawlInput
B > trez?m —p{ ROD
RDD H
Union L [E]
RDD P> >
D Filter 2] Count [2{ Print
et il
ACTHR
5 RawlInput
Bt ] honeen P RDD
3 5 RawlInput
Hetimii > Soeen P RDD
, . RawlInput
Bt > o P RDD

7-8: Spark Streaming ZEHIA

A
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4T,

val sc = new SparkContext(sparkConf)
val ssc = new StreamingContext(sc, Seconds(1))
val rawStreaml =
ssc.socketTextStream(host1, portl, StoragelLevel.MEMORY_ONLY_SER_2)
val rawStream2 =
ssc.socketTextStream(host2, port2, StoragelLevel.MEMORY_ONLY_SER_2)
val rawStream = rawStreamil.union(rawStream2)
rawStream. filter(_.contains("the")).count().print()
ssc.start()

Horb I8 2 DRI, BROTERMIMT B—A A, XA A GBS INE 2 8dEim. &
TTRTLAEBEE AT, ifd HLAE—AN ¥ —) Microbatch 71155, [HRXAZRA 4R
WEE AR, ERCER A AR, AR A IR, DR hnes.

TR Z TR AT LA BRI R 47 [, P ABda ik B A [F Kafka 5 XHITEOL. 1
B, Ol HETERA BSa TR EL B, BrAAn R B A SR A P B 1% 4

7.4.4 Spark Streaming Rfil: ARFSYEIP

TR TR Z ] (BLA AT SRR L) dedeREHEBRER, & 7-9
PR,

DStream DStream
oAt Y | BR[| B0k > RDD
AL
(T i FRE
W RDD > 1 PUTE
IR > Bl Filter |'>| Reduce By RDD1 T
B o
e ROD
st |>) e || | oo 8@
ELi R S R
g ROD Filter 2] Reduce By RoD2_[PLTER
RDD

7-9: Spark Streaming COEQIR 43P

RAGAIT,

val sc = new SparkContext(sparkConf)
val ssc = new StreamingContext(sc, Seconds(1))
val rawStream = ssc.socketTextStream(host, port, StoragelLevel.MEMORY_ONLY_SER_2)

val countRDD = rawStream.filter(_.contains("the"))
.count()
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.map(r => ("foo", r))

countRDD.updateStateByKey((a: Seq[Long], b: Option[Long]) => { @
var newCount = b.getOrElse(0l)
a.foreach( i => newCount += 1)
Some(newCount) @
B .print()

ssc.checkpoint(checkpointDir) @
ssc.start()
XA DStream 28 il AL BRIV — 017, FEXE, —AHukpy afig T &I-0E
M, BRIFT A E S A HT DStrean,
THEEAT X B ARAD,
Q HheEEENE, AT updateStateByKey() MR T— /8, BT S BIEEA,
BHER AN TT R Spark A /Y, #/\fﬁﬂz Seq[Long], £ H Microbatch E’JL/I\%}’%@,
& T A ATRERHHE., ZHRIR T REAN B E LM —AME, M HX & — 120 Seq. 4
“/AMEAE—A> Option[Long], X3k E 5% J5—~ Microbatch PU{H., 4] REATF1E(H,
FLA Option B A%
A iiE, X HiR[ERE—/ Option[Long], KT 1GEMEE Fl—/~ Scala None, EFFEI
HFEAESEHT Microbatch H (A,

© BJREEENE, WOTELWIn T —/AMaA 530 FEJe (checkpoint folder), X4 BT
#if-fif RDD, ix4E RDD %5t Microbatch, - H.AEGS S (ARSI EHE X KBh 4

DStream BRI T 2 AN{AIRE TR
2t F b A4 1% B Spark Streaming $ AT B 897 Xk, XA —ARIF OG8N K,
ARBATH RGP T L, KNI &AKF, DStream B2 iik $ T & % 45 RDD é’ﬂﬁxo
LA, CNUEZBEREIE,
f& updateStateByKey() 44 A JK & 49 DStream #t, 2 —AMMIF &I T, &k 5 F
494 £ 5 AT @Atk B9 KA DStream RDD, #t412E T #7494 Kk & 49 DStream,

IR, Spark A A ATE A T A N A Microbatch, # K A& 9 DStream 4 iy £ —
MeELERBER, NTRE, B, BEAES/ Microbatch L3 75 N, KA1 %MK
B ERBFPREL, WREENEZH AR TFAEAMKGE, FL2RNEZERR L
43¢ & RDD £ #4 2KE,

XEFERAHELETO LR, EARKY, 2 XNHALRZEI 2R —AE NG
Ak, ARET AR RIS AN ERAEHEHOZORE, 27, BHEFBERK LR
THHK, BAALBEHRERRENAT,

HE, XP AR 0Strean 5 Trident REFTL, HENZRHMAEEARF, BIRLE
Spark Streaming FF, Ifj HA&Zv5E ), Trident FeBIRE— NN ARG FEFH RS, &
WITCE R RIAE ) ThREFF AR (L 25t . 1T Spark Streaming H[1Y DStream & 72X 511,
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7.4.5 Spark Streamingzrfill: & O EE]
BUAE, (R VS — BN R BE iR hakofn . SeBLRY 5 X Anlh TR FTR.
val sc = new SparkContext(sparkConf)

val ssc = new StreamingContext(sc, Seconds(2))
val rawStream = ssc.socketTextStream(host, port, StorageLevel.MEMORY_ONLY_SER_2)

val words = rawStream.flatMap(_.split(' "))
val windowCount = words.countByValueAndWindow(Seconds(20), Seconds(6))
windowCount.count.print()

ssc.checkpoint(checkpointDir)

ssc.start()

I Lix XA EFETAERIWE? 4niE 7-10 fr7s, Spark Streaming K77 fif— 3R DStream, [ffj H.{#
FHix 2k DStream G35 — /4R, EEIRFIZE A pass. RN pass b, Bl PR
JE—AERSHE, JFHBER&EENE. mik, ERSTIRIEER, 1% pass SR 20,
30, 100 & H,

Bt 12 8 14 6 10
wm) 1T T ] ) (it —50
- - (+)
s 12 8 14 6 10 4
] - ] wit=0
- " (+)
TR | 12 | 8 14 6 10 4 6 —|
-
Vi I = =40

7-10. Spark Streaming & O3l

7.4.6 Spark Streaming’rfjl: StreamingSETLAXASLLER

TERf I 724, F%41145F— F Spark Streaming 5 Spark 2 [AIAUFRAD 24 5, Pk {8 1 1]
CHEEA B, BOXIATEE AR, Uk — it EEShsi iy, TE
— T Spark Streaming 5 Spark [fCHBLL R $hA TR 25 5,

Spark Streaming IR AN T,
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val lines = ssc.textFileStream(args(0))

val words = lines.flatMap(_.split(" "))

val wordCounts = words.map(x => (x, 1)).reduceByKey(_ + _)
wordCounts.print()

Spark FIARAS AN T,

val lines = ssc.textFileStream(args(0))

val words = lines.flatMap(_.split(" "))

val wordCounts = words.map(x => (x, 1)).reduceByKey(_ + _)
wordCounts.print()

Spark 5 Spark Streaming AT H A8 & — £y, LA EARBSHLIER TixXFh Ui, anfmINIA B
ViR, HELeih Ol TS SRRtk b SEARE P I T S AR, (B2, BIE/EAR
BT, KREEARS WAL e o .

AT GI-FA B ASTEl, A A i B A TR AE 5, — /ST — A diekifa 5 — AT
— A E AR AR AR IR TR B LA — AL R SR FE 2 A A IR TR UAR
— T ErAHR,

val words = lines.flatMap(_.split(" "))

val wordCounts = words.map(x => (x, 1)).updateStateByKey[Int](_ + _)
wordCounts.print()

REAERIIEA T ARE, (HHFH5 8RR, A S ARZERE/D, iEkGE
FIH e B R A

Xt Spark Streaming [JEhRE, FMNNTHEIRAE L, (HE& A LR HGIFFe6% A Rft b
$E"Jﬁﬁ$o
% ik — 25 WF %% Spark Streaming, 1% A% & Spark X A4 (https://spark.apache.org/docs/latest/

streaming-programming-guide.html) 8% #& 7 & Learning Spark (http://shop.oreilly.com/product/
0636920028512.do) ,

hWEEE, BEAMA —RA, JFis Spark Streaming [ Spark M IhRERLE £ . X &k
%, ZKMITF GraphX 5 MLIib 19 THREMS KA NRT F5i:00—i5, A FEARIEAE R
FAZRGITRBEE ZHL4,

Spark Streaming &§&

Spark Streaming ¥ 5 X B & (Write Ahead Log, WAL) HA FiKzh £ 432, 5 HBase
AL, PTAARY BREENEREN, 5 —ANARABLERS L, o LRBFR
SMWAL ¥ £ 44%, A T WAL, Spark Streaming F #95B TR E%, B A
DStream £ RDD L& M & #), 7 RDD 4 #Mikit, BHELZGFRAHL, X—5
547 489 Spark £ 54 R,

b MM E R HARFE] T RYT, BTV R Spark Streaming Afuid B EHiE
US4 R34, Microbatch £ 4 R E -BIRIZAANILK R B E M HF L, WA E
EHEANFMR, AR BT, IR ARK G E, FHAA 0 %1 A £ MLF Storm
o) F R AR K 697 R,

A
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7.4.7 Spark StreamingiE{h

MERMELIEARME T Spark Streaming {9 TAERFE, FrLA T EES— T Spark Streaming
HIXhRe S TAE LR,

1. ZEFKRMEEO

K, H 1SRN E¥TE Spark Streaming FRIEF B, SHA RS (40 Storm) FHELAFTE

— R

o BfTRFISER AW RN, FHERET 0.5 =,

o A[LIN—7k Worker #iRFIRE , RKFE AT,

o Xt HBase 2R AL, MEFAKFIE KL, Microbatch A i T &M &, KA
Microbatch Lt put SHE&E,

* 5 Microbatch AHICHY 1] &2 4545 Bhidi/ Iy Spark Streaming 618 HUEIAS

2. HiET REEE

EHARY 7T SR 510, Spark Streaming FEM% 1% 1 Flume 5 Storm 5 RS2, i 3ok

MAINEBZ S (40 HBase) ZARSRGHITEIRY 7T 5112, HF2 Spark Streaming H:F Al HES

FAEPERERIA H R I3,

X B EEPE A EIR . FRATTZ ATt , Spark Streaming A& Microbatch, FUAZNSRZERTE

500 ZEFNIRE, AE2A R kXA TR,

3. LambdaZ2#3

2, WREET . HAFEEENEIRR . & Spark Streaming A5, HERMT

— BB, A% M, AT Spark Streaming Y fXHS 5 Spark frsBL ETL () AARSAE# AH

Plo iXREPEARGE A, (LR 4 AL IE M 55 b AT o

7.5 Flumeiz#se

ABHHMBARTCLEEANL T Flume, FiLLX B ASFHIEMANLE, AENE ROHE
Flume MUEPRIR SE#EA M, WE 7-11 For,

Agent
| st ol iz oo e [oof Channel [f sk |

v

ﬁﬁ%ﬁ HEIa PAE PR Channel =3 Sink ﬁ%ﬁ

\liﬁzf}?ﬂ)fi prnz sl ez sl chamnel =] ik W

7-11: BFHIBRLIEN Flume 2838

FLHER £ Channel JTTHI, FrUASF AR RSB0, 303, —/Mitokrh File B
FA TEXL, FEhawsb,
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FEEFE Flume AR AL T i, AFESHET], Flume JEHE & RELE. Lk
AN DU PR — AR, BT — AR E S, MRVE R A0, b
TUOUEHATIEA, — RSk EAF 0 SRR B RS 4 5] HDES .,

7.6 TEi%#E

TMNELAEX BEHE TR LRI AU ROX LT eSSk, ER, HEKE TE AR
RO, B—FAREHeANER. XLERGHREAFSIE, it 5E A 2R,
PREARYE A SRV SRR &G TR, X BEEA 97 kiR, —RAEREREER. &
PRI 2B 5, FHRTHE X 26 T B ok (m] B AN 6] 5 7

A TR TE = A R R BE A ZE Bl

(D) RIEZAT, FOHRRIERY T, Bl SRk E,

(2)NRT K1, &Y HERAE, mhLEss,

() BREAIBARTOK L. A LOFERTIRBI A —U): ¥7E. Bk, RE. KSR
P, DIRaIRE,

7.6.1 {REREFHEY . BiIE. RERXE

IFXAMES, Tl TR R BER IE A RIRY g 71, PRI EB T2l
W AR e 200RE, EIRVER IR /R T REFR ZxX FhThRE, A TIEAESS 9
=HEETHE,

Hik1: Flume

Bl 7-12 h— /A~ SEBLX R BhRERY Flume TAER. 20 7-12 B, X2 —ANAH 24 i By T4
W, H— 1 HEEHA S5~/ HDFS Sink 4% . Flume Channel $£4t T —Fh BB L0
B E SR, FATERTEST 28 Flume I B2 35, #2885 7€ Channel Fi i, [KLAEH
PR ARE LR,

PRI ARE | Memcache
7 HBase

[ mwmim o] Pume  |3{  HOFS
® 7-12: %A Flume BEERZEA

Fi%2: Kafka5Storm
5 FP5 % AnE 7-13 Bk, Bl Storm 5 Kafka Beér, (57 Storm 403, {#H Kafka #E475
%%, Kafka $&ft T ol SgRUFE (55, 1 Storm F2BE T RIS RALEE,

R, BA1E FH Katka HEA48 HAER TR F 55 Storm, A4 T K EE R4 5] HDFS
W, VA BB (E D &P 5 Flume —#{EH . A 143k aTLAE HF— /> HDFS bolt B %
M Storm/Trident 45 A E| HDFS, X FHHATREE 2%, {Hi& Kafka 5 Flume S5, 1fi
H.\ HDFS 505 R BRI REE £ .
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| B || Kafka |—f Storm/Trident |—>{ Kafka ] Consumer — HDFS |

Flume HDFS

7-13; M Kafka 5 Storm BY{ERZEHI 1

7.6.2 NRTHAR. B EHRERLE

X RGO, HAEE N RFARIE R LR, A0RTATA, Storm $& 4L T — R IR 4F AU AL
HEIR J5v, AT AR A1 —A ERRFRTMER B 2%, xR mME, BEIRITiR T
ATHIAAE, 5 Spark Streaming =% Trident #HLL, JEZ2ZERH& dcth SR H BT

AT LALE Storm, Trident 5 Spark Streaming H G @ ix Bl i FH 2 . 4 Fh 5 i an &l 7-14

IV
{di FHRDDZE 47 H 1] I
L4
AR
LA
| HHE |—>| Spark Streaming |—>| HBase
RRULEEA
B
Memcache/Hbase

A T LIRLA |
etk
2
| bt |—>| Kafka |—>| Trident |—>| HBase

7-14. £ Trident 5 Spark Streaming Il Z289{EFR =) 2

FEDE MR 5 T I 225 B UL T A3

o BREBAEAGABELAR
AR URARAE A 5 B R 0 I B R R AR ], I 2 3] o 204 77 R 66 ] Spark
Streaming, X H-—R, KRR SAHAEAS (ENHIFIE S SRR, XORRR, R
BRI T

o HAY LA E
XSGR TR S SA SRR bRk, X B 20w, Bl 1A & S RRME
AT AR mEI, RIGEAFEAR, Ef—TAATRRIL 6, Xk
THMAEREOL. PO iR 2R A A, B — /MR i THA G REAS IR L L %
HITERE o

Hadoopif SLAT4MEE | 195
ERttX£R largelove(largelove@163.com) E= EERRN



o ZHBIE
fEix B, Spark Streaming H—EMMH . £5 T EHRANENLZHITHNE, CBREERT
B,

7.6.3 EZRHIER

X PR E R UL LT I Bk, X B A A IR, T BRI AT
A BRI BT A R ERThRE . FRATRDRER R, 785X B AR DR 75 725 S mir 1 R A4~ (611
FiidmEl—k, Ff1E%F— T Flume 5 Spark Streaming 5%, #ni& 7-15 Fizr,

T R
Lt | IR

| KRR |—>| Flume |—>| Spark Streaming I.% %gmm&ﬁﬁﬂﬂj

B RYEIE K
EiLeS

ALY eI R

7-15. £ Spark Streaming 89{EFRZEHI 3

X PR R E L A A I Flume 5 Spark Streaming 8 5
BAEFATEFE— T Storm/Trident BiA, 4ni& 7-16 Fioi,

TR LE
Bk

B ERGIE &
R

! FHF 5
FE AL Ak
| #tds | Kafka || Storm/Trident |—{ HBase |

N
~)

| Fume |
| Kafka I;' Consumer I;' HI\)/FS |
7-16: FA Storm/Trident 89{F R 3

FEiX BME—AVE SO, MBI RIRF NS T —k,

Memcache/HBase

A
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7.7 ING

AT —IRFEE], Hadoop AR M KEAEF G, LI, BT RES AR
B b R 7 S, Hadoop BLTEIL REAS1E A — M FrE LB EAR &, HFE#H LA
(4n Storm, Trident F1 Spark Streaming) FERAEN, Bl HLARTT T LAY WoR A FEHY Flume
EFEAREMAT NRT 155, S Pr £ PRGBS RN BhRE[E Hadoop &4 T Ml i AAx4l .

BN MLEA TR FSR, £ Hadoop Ly T HAEATIT SEIALERINE, T H AR ST
RGN, BRi LHAE, DIRIES%, EFLAN, RO E, mH 2R EER
H R TR T AE PRI, (AT & R 2k,
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R8F

R

RIS B8 T o B P D SE R A e, B Bt . X R AR R — B T %
WG RIE O A7 A, DI ) 4 5o B SR SRR 5 B

Rt reee K B P 52k BRI 55 WG & A ISR IR . P Uil Wik
HIm B AR IE R, P e lbeE s (X B — AR BAR, EaniTrmB 512k
ENHER . A %) EFRES, A 7 aGBdEmmipf E 8, WEw Lt
Fridt—B 0500, bAoA EREE (BARR, RiEgR, dadilmms) M
P B3 (Return On Investment, ROI), 74k, & ALK s i 5o 5 8 VR 508 17 1% 2
(Operational Data Store, ODS) & F' R AZEHASE (Customer Relationship Management,
CRM) HfEAaocht, T LM EERAMI.

ARV R GBI RG], Vg rr s —E o & TR, [HRATL T
B WG TR AL S 7 A R BE R T UL BRI R GE . LR BAE AR EA R TLA T
JURh: & RondE . MEREESHHME A&, A ML HETGEE HE.

8.1 RfAImREX

BRI VRE HE AT ES A RER ., A LA RRI S, J% A TR E .
PYEPER, BT UL BAEk . PRI IR P 20 B P A 0 i i B Fn e 2 s e 20 E H
R, —RIEOLT, WG A AU AR A SCASHY Apache B Nginx H s, A LB 5 &5 B &2
WA 2% oAt T ELaf ok BR B PRk T B e e B (RTCIRERE, sl B G ST 4% 3% BRI ]
Bodt e m,

TEN M T ER, eSS 7AW PR, B rEdmlshmntkit. AT
RBOXFERT E AR, RFEEERIE AT R,
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o EAARMMEE EA L/ TN YR (Page View, PV) 2 FRELIK S anf?

o _EAAIRMIME LA £/ DRST %% (Unique Visitor, UV) 2 FRELHE-K 2409

o iRl R A 21K

o MHAIBkEE (bounce rate) &%/ H)iEid, A %/0H AT A B G M A Bk 2
A T T A L85 R U [R] 2

o M TEEATUR, i PR TE T KA T AR 2 /00

o M TFREEATUR, i PRI L RN K EE AT AR 2 00

o WEERAT AR PSR E (BN, AR, M RE) kAR

MBEZ L ETYRE LW, WITEE . ERRHr Web AR 55 s id%km H &,

BT IREETTE, BAMBREMEZ HEHUEE Wk AP, B4 8 &#% X (combined
log format), BLFAEA P —RBEEWM TR (GERE: RTHRARRE, 0Tnbis
FELATEI, HEBREILT, —4&HEIERAESLEN—1T).

127.0.0.1 - frank [10/0ct/2000:13:55:36 -0700] "GET /
apache_pb.gif HTTP/1.0" 200 2326 "http://www.example.com/start.html"
"Mozilla/4.08 [en] (Win98; I ;Nav)"

PLERERABELL T .
« 127.0.0.1
BRAL R R TP Hehik (BRI A s A e i TP k)

FAFBAEGIF P EMEFAOR, B BARE Fumbrii. SSRREIL T RATE R A
XAAE, i H2 B IR 55 v 20
o frank
ACRFEFEIE, RS EYIMI A4, B HTTP IMIER 5 (3 Frif.
e 10/0ct/2000:13:55:36 -0700
% BT ARS5 58 AL PR G R AN E], FEr A I I
e GET /apache_pb.gif HTTP/1.0
BRI RV, DR P RAY T

. 200
JEALE Web 55 %53 [ 45 % PR EFRIREG o
. 2326

ZF BRI & Pum IR SR, ARSI R AR SRR RN
o http://www.example.com/start.html

WRFTFLEME, MiZFBARKRSUNMAE FFE), BISISH A Y HTbhEr b —
Hodik,

e Mozilla/4.08 [en] (Win98; I ;Nav)
A7 AP RELTRFE, BEEARINK A AT A IS A B 1 b & Fs e R 4
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8.2 {#MHadoopi#{THHFRNHT

— /GRS R B R BENS 7 AR 5 GB VBt . A7 A BT AL FE R VB T e — Ao (i
HMAARG. B, HEEIRAA SRR RER, @ HLT, ASE—-REE—
AN Z NG L R R . XA R 40 B N B AR il i ) 22 16 5 PR
%o SO, HEBIRR AN, —4& A B TREA LM A RE TR, b
AREA I SE A NE BRI T B, XS4, %EFX 2455, Hadoop /54
KA AR HTHIFIE o

ATESS R gn{a {# ] Apache Hadoop M AR SR A AT E , ¥ —ARE083t mi it
BE U SE . BRI AT R

8.3 Eit#tid
AR B R R S o S TR oy BliAr il Bl BORACHL. Bodim o Kb
A

o BORAT i BEHO AR Z40 (4n HDFS 5% HBase) . Bdits X, FHEan B DA R S b il 4
PATHAET,

o BRI ZE IR 55 45 B ZBEIR (40 CRM, ODS. idpik)] £t ) AF3RHUA,
i, RN E] Hadoop HAFALER,

o BORACPRAEYORE AR KR S A\ Hadoop, JFXHECBEATHRHINT. , JE B SCH o0 Hr A i
Bya k. WCHEE —IA OB EA R TLLTNE : Bek®E, KBodoad, B
HBAR A TIRAF Gk, Al Glad R AR i i R Ik Vi ) 25 1 1D,
PR H PR Ui 2 A St B A IF) R A5,

o Bl B e AL B S R BE B L T & Rh o B2 1), DAREA i IR 2 ]
ik N

o PRIETAE RS B ShA SV R BE T B R A . OB, TR NI

Bl 8-1 JRor 1 iX —BetHAYRE AL R

FATHIB TS BLF R AT HDFS 1E A B A7, 81 Flume Y% Apache H &, {8 Sqoop
P H A A R AR IR (40 CRM, ODS. i) %c#5) 5 A Hadoop, FA1i& % H
Spark FEATHIALER, RH] Impala 5y HraCPE fa %R . FF BI T HIEH:S] Impala 25, A
FRRENS TR X LU R BT AR il FRAT TR H Oozie P ATRBE 2 A8 1E, (EH K
F— AR TR
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T ﬁ iBIéﬂ‘ﬁUﬂi
Q i \

BIR I #AE T H
W% IRk 55 4 .'.
% /
P AT LA
Hadoop — Seak > g
CRM#A % #:1H1Sqoop Quster ) R/Python [ Ziil-sr#r
on gulb
< @
< N
B % 2457 q% e
i 3.3%ilA)
14k < >
A SR
& BhOozie

B 8-1: %It

TR BB T B AANE , BRSO SRR BT (EF Web BT s
ﬁ%ﬁﬁ%ﬁﬂmw¢‘ﬁﬁﬂmw%ﬁ%ﬁ%ﬁ%mi$%ﬁ%%%oﬁﬁﬁ%ﬁ%ﬁ
B R & AL ER RS R S Th AR B S SR B0, Anfal 6 Impala (SHHAt:
S@mmmwwiﬁ)ﬁﬁiﬁﬁﬁhﬁ”%ﬁm REHRIE, AT A& R TT PE
BAEr B DAL (Anfdl R, BRI TLE), B, WAMTESHLBETEHEFENTAS
i TH., JFFREEAIRELH

BRI S BA VIR LR BB,

8.4 HIETFME

EANETE R R, FeA100 B FRE R (6 F Flume SRIGCHE 4GSR, SE1735 T D601k,
A B VR IR RSN R B SE, DM BAR o Hr (. X — 200, E e FR g i
IRt . BRI 25 R R B B SR A 5 e T X LBt S 1A O R SR A
[, A7 DHEAFENFHET, ABIRE R BT, Reih e SRR,

B e, 1 Flume 5% 52 211 S5 48 K98 DL AL SCA 19 4% A7 i 2 HDFS w, FAT.Z Br DAE$
HDFS 7& B 4 J& S2 1 BtE i 1535 25 2 Fic R db AT HE B 40 4R 1 . IE AN 525 42 21/,
St F A R HAE S X FER AL P E, HDFS MIPEREAES . A ZArLLE B ScAK R, 2
PR IZME AL PR B, XHEMT A BRI, HATEE Flume BEATAIIMULEE,
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HAE, FRATRHACE 5 i R Bt AT i A A A Ay, 8% RIS R —#ar 51, s Hr2ei
AT A — A R, e b s A — R g . T BRI TERERY 5
X B %8 HDES, 1 2 5 A 2R 8 1 Sk AT I A & e B —ER oy SR8, Rk,
XFACERE B, AR BRI R BRI S I ks U2 Parquet, R
AP (AR R STR) Rl Hrisds. % B3] Snappy Xt CPU HEREA PRI, &
T8 2 B NZ SRR A PG R BR BEAT 4. & T SO AR d s 1oHE , B
LRSSk, S 15,

AT R it S A B, 1T A2 AEBE S B KF MBS . Hadoop B2 A % T3 #BAE 4n
B, XA LT JLRAFAL.

o {EETL b, ZnfHiE bug Sk, HKARAIEBFILISE RS,

o SERTH R AAEOE A BACHE S R BB R, TR AT RE RSB T Lo BEAURIE . (R R
aEAE, FTUAE B AT 0. o, T ETL fiik 2 522 0 R a5t . o
B LERRAE (0 & B AL PSS R BAE S , BTAIX O T8 & IR Z A 3 Y,

o WTHIREE, RE 5 H SRR R,

BATRER A 1.2 A 220 H S5tk A SR . oA AT 26 T “R7 4 (—Kk

FHLZR) B, FCATRA T+ I8 H IR i R d 750 X, 7 RO 5 XA o e — KA

R, T sdsdE, DLT AR a8 FAb BUS Baa iy H 454

e Jetl/BI/casualcyclist/rawlogs/year=2014/month=10/day=10
IR B S AR B, B A% H Flume ™4,

e /data/bikeshop/clickstream/year=2014/month=10/day=10
IR e B A AC B R B S, BUE BB, CRERR AR S TEEHR .

apRpT L, BAUEH T =2 (4. A, H), UL EFREEIRLE B IH#ET T o X,

SIBERIEHRE RN

ACER SR P BR 2 — e LU RUAA B R SR B/ — 2, A R AL B R B R SR LA E S
EEHEIRE S (40 Parquet iIXFERIBIAF il A% ) BEATAR %, WISE & 4nit,
T, Mo KRR N (R —REARN X)) "TRER/h, REE
754> #IFH Hadoop, IEZNEE 1 FrFRBIMALEE, B0 KAE RN M FE
/b7 HDFS Hek/h (BRIA HDFS B Rk/A 64MB) [9JLI%, X FEA REH 47
#I Fl Hadoop FIRLERRE B, andf %k BUALEE I i BH 4 v A R hsy KD,
WL BAF A BRI sy X, ORI H s XRIR] SR G5 vl LA
WEAE, AL H=Eo KRR,

FEAFLAINE T, RMERECEEIERES, REyEKEBR, BRI =% XK
2.

7L, IRATRER B XA —Fh—2oy XA, T 4N dt=2014-10-10, ifi Al =2 sy XA
7\ year=2014/month=10/day=10, {ij# Shr L& BIM—FG BRI X, XHEF A KR
ReFR GBS REHA — Ao K5 (A HA sting 1Y« dt 51]), Wide = A5 X 51
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(%1% year, month, day {J =/~ int KBIAYF), —Psy X AMER S5 X Bk b, BIfE
Mo X EET O XEE, o X EA, iR RE Bt E b, XERE T
[n] 744 Y Hive, HCatalog #11 Impala #4712 800046 LRy iR, PERERTRESHA TR, H
&, PSRy KBS, R AR RIEMEE 22, ZF0R 1L, AR Edy
A =Ry KA E LA TEGBIR s HriiE, FATT AT B b4 %E WHERE year=2014, [fij
AN WHERE dt LIKE '2014-%',

AL REE IR, —HORAEAS XX, AR MEARBAZER. RATLURYE
(AT FIRME B rh— A~ . ASFCRERE T = 2oy XK

& 8-2 F1& 8-3 43 BIER T =4y XA F— P4y XA,

B 8-2: =RNXRN

dt="2013-01-01" dt="2014-01-01"

dt="2013-02-01"

FHE T iR £ 55 T HDFS F Hive AR HHINS, 1HE% (Hive Zifetara).

8.5 HIEXRE&E

EANFRATIE S 2 TR BIAVACE:, w3 AR S Hadoop &, ATA M, T
HAMRZAPAR PR X L TR, TR el T S A AT K.

B 8-3: —RNXERIN
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SCAF 5 Sy

% A8 A — IR PRI SCH B, Tl A R B R I A AT 42,

Sqoop

Sqoop &K HE T AT T H BN (Anok R RVEE R B A2 40) RIEs . IR,
Sqoop FHAE A T H EEHERE,

Kafka

EANEE 2 T HERY, Kafka IR0 E T B Rl & B S50 2K Al 55 25 72 3 3 %
FhiF s (f4E HDFS) WIPLFE /IS %, Bk, TR0 LR HAE A48 h o R 520 B Y
HEREZ—,

Flume

2AMUTF Kafka, BR300 (A E) #223)% HDFS B, Flume & — /M55
A SERIE TR,

ERIERIEIETIER Kafka 71 Flume, —F IR0t 7 IATTHZA AT 5T & 0 S50

REDRE. AR5 TR B E % s HDES , Frllox B Flume, Bh
‘Exe M7 HDFS {Y, "ENE 15 HDFS Y, X k& BT T AL T E HILRI T %
st AT DL EAR S HE Flume (fik 2k, Flume 8 SCHRAEEEHLE], SR BAERAVIEAZL R, thanid
IEHRIRI T s, MH., XM ERERIER . B A HDFS ZHi5EHHAT.

AR E A — Ol Ak £, HEH S FER T HDFS DAY &2 R £ AL 5
2, BN % & Kafka,

BEAR e T8 REN TR, TEEMTHE—TREIE T A Flume Hi7k 2y —LEiET

AR L AR 55 o5 A H Java IE S gR B 1Y, FHHEMEM Logdj il Hd, IBLIRATATLARE H
Flume Log4j % Hi $ 5 HE % 3% 45 Flume 19 Avro B4R . 3 8 1 =5 1 508 % 7% 51| Flume
M, HEE A3 (lume-ng-sdk*.jar) HIA R FAPREERY Classpath H, Ff%F
Log4j Bc & SCP-FHTEME BT AT, Ak, FEAGI, T R IR 55 88 & — A5 =
FHIR R, RAVCEBRHARRE, S eHA &M JavalE S50, Bl Logdj
i IEAE A YA,

T2 BTX PP Logdj fn tHIEAE AN A, b f Hifth— ik £, fRalLL
H Avro IR 8¢ Thrift 2457 45 B1145 Flume %k 1% Avro 8¢ Thrift {4.8.. Flume 7] LA
IMS {H BT RE BRI SR . 59—k ) HTTP Bdii i & 1% JSON #4 2XHI7H
B EHFR T EE R Flume, HUJeFURME IR FHHESE . X A 2 FhEE B 5 ARl itk
£, T Flume 5 A B AP Al A . 24 BR UL, A RIRIEA B S R
IMS BRI A0 255k B4 4E 5K Flume Z5PAFIHRLERECHE . 4n2R AR Z BT A FH IMS BAF],
5% B AR Flume 5IAN'E, B8 HAWAET A ESE, DL EiX SeEANTE A f o
RECH BRI R S5

Flume $2 it T Syslog iR, XFEHEIRREDSE I Syslog FeHa it it B0, i 44
BB Flume FFf:, Syslog & A5t H G REFE A AIFRME T H. . Apache HTTP IR 55 %5 3
Fels H B 3 Syslog W, A (XBREHR G0 H &, 2R H B0 A% 3 Syslog,
B 2, bhanflBhAEE X ) H S E 2 m
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o FRATVHI R s Bl R — A58 =05 Web B, Tl ik & ok Sk R M o il k5
WS e, NHEEAH A AR B E B, BATREHE—T Flume )
Spooling Directory Source, ‘&M —A> B HIRECCH:, FH SOk i — A7 R 4 il —
A~ Flume $fF, R, (EMZ LimfEE L0 exec ORI H &SRB,
XAGE ARG 5, RAATEL, AEEREH SRR, B —kigsImaA AL
BN, Flume BE7 S 8L E ik —L8, XMERAERIAFHEE
Ay, #ELZT, Spooling Directory Source FRi%H 2 &k Y523 X, BrLAfEEF] %k
WHITER T, BAEREASCEFFARIC AR, MHRIEAS REM K, T MREE -
BT, XA RN £,

FANCE L E T A F 2] Flume (K e EHRIR, # F RFHEHIE A &M Flume
Channel 7&$:_E—5 4, 15 2 HAPREBIRA0EE, anferetbia e e h|EE, B4
Memory Channel Bt/ e 4F 1, anFfae v 8 oh 3 2N B 24 %&£ File Channel, %4
G, faE AR EER, R R IR, Memory Channel ] RES E 4y ik,
2k R T, WATRE I X iR £ R M, Ak, FRA1/E Flume 4 EE 20, 1
1% F File Channel,

BAR, FRMEIEEIE 7% HDFS |k, Kt Zi R HDFS Sink, 75, 24T 5w 7
fRAbERTRE , FRATEEARAE DA SR . Bm &4 IR A IR RV i /£ HDFS _ERASTR]
HRN. JEHERA T RERE RSN, I 1S4RETHEE 24077, % 8 B IR R k47
Sy X5 R RENS IR DB AL BRI IR 1O, (BSR4 TN

AERMNELTE THIERERIZEN, THEREA THE—T Flume ik &HIZEH, KA
EHERE - TRATURME, FRINRERS PR R EL T, & 8-4 JEon 7AW
RETIRRIITURALIE . ERXANRET, REER, WAERAZBARER (5 2 5
BRI o

E-Iar = Wt 2 Hadoop
T8 ] Flume Client Agent ]\

(23172251 Flume Client Agent \
\‘, Flume Collector Agent

e Fume Gt hgent |5

(B2 31[7&:2] Flume Client Agent

[ZIE53: (7€ 27 Flume Client Agent

Flume Collector Agent

Flume Collector Agent

Flume Collector Agent

/[
(B2 3i[7&:2] Flume Client Agent /

[FE29i[7&: 2] Flume Client Agent
FIE23i7&27] Flume Client Agent

8-4: Flume RERWNEENE
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FEFE 8-4 i, BEAGOKER TS T =R,

K P ik

AR, &R (client ter) H774E H BRI RS S, X240 H BT EERER

HDFS H, DME4 BRS040, TN EERE, AW ARSS # i EHL E#D

A —/~ Flume agent, AIHEFRIAZEARSS o3 r=E 00 HESE M, kSRR ER BRTRT,
KEBE

Wt g2 (collector tier) [YFEHLREILZEME P B & k=M, HEd Bl H%&m A
i, Bl HDFS, AZMEIT-BEIE S ER agent fEEREIDZT 2 LisfT X Lk

TMAEEREM L 2, BT Hadoop 7 FimBic &, B 1) W] Hadoop SEHEHFHEZR

Hadoop #ir4>. 7] HDFS 5 4#E%,

HDFS &

AR RZ BRI, WSS 2R Flume agent AKAHE L3445 AL 3] HDFS L)
Hot, TEAFFALERIEN)—364), Flume agent ZUtf7ACE, LAHffR HDFS 3Ci:/94)
X UL R S BRI C i

fEan ERCE F, Flume agent fEMIZ RS A EE S B Eisfr, 8 INTATE HDFS 18
3247 Flume agent, Yg2E8% ERY agent 23 {# ] Hadoop & Sl =45 A HDFS,

IEANES 2 FAPREIN, XA AHIZE B A A T AFAL .

FOVFE I FE E SR Y Flume agent $0H . AR IRATHI ML R 55 3 5 T4, AP 2450k
% a1 agent EARERIEREPATREASHORAT A M, (HR&ARA BT L E B IR % &k
FIERE, whar o R SRR BRI,

IZZERIRERE R W B 2 BT BRI A MR L 22 RSB A7 = 0, SRR 25 IR 55 &5 W AL 2 )
BRA AT,

MIAENSIE 2 MW R 4% agent ZAIEATIOME, AR — A RL A WIS agent HIMBH,
IRGAE AT DA SR R AR R R

R, Fl1KIE Flume kg & AN B RAIE L4087,
8.5.1 ERIRE

& 8-5 ik % i Flume agent A B2 ,

o O 0 00 O

Flume Agent

Flume F& s i) File I
Source AR 2% Channel

8-5: BPIHEAT
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T Z3% ' 2 Flume agent {94420 4,

IR

AR IRANFEIEA Flume (k&3 E, gt &4 F Ay Apache H#EIdok, IEATRTHITE
FH, Az RGd @ A Spooling Directory Source, FRLATRATE MAGA L% IR 55 25 1
e B o ERIBURIR

Flume #%3% &

BEALHY Flume $4EJREN Spooling Directory Source, REMSISEHUE I VEFE H ke T 2R 4E
HSCtE, RN EM, BATEASEFEEE A&,

B ] B AR B

LA A I VE T2 M 44> Flume 00 S50 36 A — /NI [A 8%, S5 1RIAY HDFS Sink 25
izt AR, MR IEZ 8 B 4 X AAfigss et

Channel

HFiaE g, #F{(1{EH File Channel /£24 Flume Channel,

Avro Sink

AL Avro Sink, TN EJRHEIRY Avro ZHE0R, A Flume & P 2 2 [l 0 (& b A1t
T—MFFIEHLEL, AT EE BN, AR AR FERE (failover) ZhREH
Al E LA Sink RERIERY, FEH B/ Frh#9H (load balancing) Y Sink £
SEELAE A T Sink 2 E I K o

P Flume 1Y Avro $HEI 55t HDES Sink f£f%3] HDES A SCiE#5 K,
EANGE 1 AR BIAAE, Avro & —FUFFIibaksX, mTFH T UERE Rl %t %
Wkt #4 (4n HEDS) Wi fifig. 11+ Avro Sink 5 Avro ZdEiR
BB X ARG, YIRS R SRR, DA otk s
KRk HDFS A, B FH2Z Y Flume Sink,

T AT % P 200 Flume agent [IECE ST RG], I%ELE SO0 2 2 BT A B W25 Al
%% b

# E R P B R 4 Spooling Directory Source:
client.sources=r1

client.sources.ril.channels=chi
client.sources.rl.type=spooldir
client.sources.ri.spoolDir=/opt/Weblogs

# (i PR (] B 2% 1) BT A D e Sk T it 8 -
client.sources.rl.interceptors.il.type=timestamp
client.sources.rl.interceptors=11

# E & P ERIChannel 4 File Channel:
client.channels=ch1
client.channels.chl.type=FILE

# E R P ERISink R ~Avro Sink:
client.sinks=k1 k2

client.sinks.k1l.type=avro
client.sinks.kl.hostname=collectoril.hadoopapplicationarch.com
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# R EBAE AT E H R
client.sinks.kl.compression-type=deflate
client.sinks.kl.port=4141

client.sinks.k2.type=avro
client.sinks.k2.hostname=collector2.hadoopapplicationarch.com
client.sinks.k2.port=4141
client.sinks.k2.compression-type=deflate
client.sinks.k1.channel=ch1

client.sinks.k2.channel=ch1

# E L — IR SInKER, DACRUE (RSO SR 25 B 1 22 419 s A1 REAS 4 B Rk«
client.sinkgroups=g1

client.sinkgroups.gl.sinks=k1 k2
client.sinkgroups.gl.processor.type=load_balance
client.sinkgroups.gl.processor.selector=round_robin
client.sinkgroups.gl.processor.backoff=true

8.5.2 WE&EEE

& 8-6 B AU %% Z AT Flume agent FYEL AR,

O O O

FlumeAgent
Avro File I
Source Channel HDFS
Sink

m—

B®8-6: NEBEDT

T B AE 3 2 Flume agent B & AN2H44

o Avro ¥3ER
FAAETHE Avro Sink PIRHEEEIR T, ALK Avro BOHE IR wk & BB AL R P 2 751
i, B Bk i PP “see—k”,

e Channel
AL FAT A A 45 (8 ] File Channel 1£2% Flume Channel, AR/ 350576 1% 3 1 B i mT
etk h T DA R R RS, (RAT AR ERED ST 8 b 2 ii L, g S
W 2 &=,
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e HDFS Sink

FT Flume /KM i 5
HDFS Sink (& {# | hdfs.path, hdfs.filePrefix )}z hdfs.fileSuffix ZEZx % o
BA A XA E L., REXESHE, REIHES 2P
/Weblog/combined/ YEAR/MONTH/DAY/combined. EPOCH_TIMESTAMP.log,

X LB R AiSe A S, K B HE B AY HDFS Sink 3C R 4% X2

DataStream Jz hdfs.writeFormat=Text,

G T W8S B Y Flume agent FBCE SR Bl IXRC B SR 52 21 B A s T
feds BIVERRL S R L
% BRI AV o B -

sources=ri
sources.

# E e
collector.
collector.
collector.
collector.
collector.

collector.channels.chl.checkpointDir=/opt/flume/ch1/cp1,/opt/flume/chl/cpt2

sources

sources.
sources.
# RHICEI AR AT R e s <
collectorl.sources.ril.compression-type=deflate

# E WS B ChannelFile Channel, F{# FH 2 i DA = vl Stk «
collector.channels=ch1
collector.channels.chl.type=FILE

rl.type=avro

.r1.bind=0.0.0.0

ri.port=4141
ri.channels=ch1l

collector.channels.chl.dataDirs=/opt/flume/chl/datal, /opt/flume/chl/data2
# E SUBUEER RSNk GHDFS Sink, (RIERF SR LAA SO TR S B A+

# HEE A B BE B T 24 Stnk:

collector.sinks=k1 k2
collector.sinks.kl.type=hdfs
collector.sinks.kl.channel=ch1

# 1M H WS T X
1.hdfs.
.hdfs.
hdfs.
hdfs.
hdfs.
hdfs.

collector.

collector.
collector.
collector.

collector.
collector.

sinks.k

sinks.
sinks.
sinks.

sinks.
sinks.

k1

k1.
k1.
k1.

k1.

# XTHDFS Ry, i 2 10

collector.
collector.
collector.
collector.
collector.

collector.

collector
collector

collector.
collector.
collector.
collector.
collector.

collector
collector

sinks.

sinks.
sinks.
sinks.

sinks.

sinks.k
.sinks.
.sinks.
sinks.
sinks.
sinks.
sinks.
sinks.
.sinks.
.sinkgroups=g1

k1.

k1.
k1.

hdfs.
hdfs.
hdfs.

path=/Weblogs/combined/%Y/%m/%d
filePrefix=combined
fileSuffix=.log
fileType=DataStream
writeFormat=Text
batchS1ze=10000

00055 H - BA F30FPHI S 141 :
rollCount=10000

rollSize=0

rollInterval=30

k2.type=hdfs
k2. channel ch1

# [AlEAL R F D SR AT

k2.

k2

k2.
k2.
k2.
k2.
k2.
k2.

2.hdfs.
hdfs.
.hdfs.
.fileType=DataStream
hdfs.
hdfs.
hdfs.
hdfs.
hdfs.

hdfs

path /Weblogs/combined/%Y/%m/%d
filePrefix=combined
fileSuffix=.1log

writeFormat=Text
batchSize=10000
rollCount=10000
rollSize=0
rollInterval=30

Ja—A3, AT B AES R AL E] HDFS, (A ERAE,

7 Ak,
1. hdfs.fileType=

ERTX=

RATRIT

& largelove(largelove@163.com) £= BEERIY
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collector.sinkgroups.gl.sinks=k1 k2
collector.sinkgroups.gl.processor.type=1load_balance
collector.sinkgroups.gl.processor.selector=round_robin
collector.sinkgroups.gl.processor.backoff=true

KR RIETEG FHE R &S R, FADEZER— T R EHRIE 3 A Hadoop IR, AR iR
TR R AR S CRM. ODS SUHth 2L R GERI AR, 0 2k 240 280 A — 2
W 5 A F| Hadoop . HAR S AT N H T B IR B FRE . AR X2
KRR G R BAR D . nsE 2 FIHERAREE, ZRR AR e R BB R A F
Hadoop, Sqoop A2k, S di5dEsEL, CRM fil ODS HEEMEIE =R/, B
SGAGEEARIB RN (BEASELT) . XHENEER R S E T B 12 Sqoop #ithb
PRAESS YRR AR £, B4 — R —ks—RILIRAIINE, %R N CRM 1 ODS 4 %
Hi 5 A F Hadoop, AnREHERAIBIA K, S5 fE4> Sqoop (E:5 Hh H#HT T AR,
R, AR SRR R AR, SR ZEH Sqoop #EATH RAHRSAT .

8.6 #iEAbIE

B 8-7 JEor T AL R B AL B AR 47

S5
R
J' BILH
KA
i
ﬂjﬁg)ﬁﬁ"] ‘l{__‘T‘ ‘ P
EHK, %
T, idik,
SRR
; fi A A
AT |
A >

8-7: HIEEHIRIT

A FEE], i A Flume £ HDFS, {H3, ok B 2R 55 &5 10 S AR Bt 2 7 2205
DERY. ZEBRYE, ACRATCAN H BT TR, A, B R E—LEEERIH
E, WEBIRRE, AR FEERESEE RS TE T4 s diifE— 115 D).
B, AR XX G B RO — P PR &SP, Eeanch 1o e S 1 TERE
X AT RGN SRR & BB, RS TS S R i icst R R ks

A
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#r (attribution analysis) FYTHRL (SCIBCE BHFERER SEAR) , 2 TEARIRAT— LM m bk
oA TR (F5F CRM S EARIR S i ek, 555, BUCERRY TIRRREAEX —
iR e, AT H ARG LA HE (Business Intelligence, BI) 4y #7 i ik 5 2 oAl 7
REBE, PRESPEATFICHIEL AN, XN RXAEERRN. &n, RIOGZLHE
A Bk e A I R A AR PERER L.

AR, TR BRIk £, AR ZR MY i B AR,

(1) ##k (sanitize) FAG A AG5HE .

) WRIG i e 4 B (extract) A3 FIRIECHE .

(3) 44 (tranform) FEHEIRIEAE, DVESKCEEHEERE . AGITZE e STEERE .,
(4) ¥ R L R M RE A A% s Xm 2K (load) #if7{i%%] Hadoop .

PRFEEERE] T, B 78— SRR E R A, J5 T = IEAF 6 B —/~ ETL ik ki)
TRH, e, B, X WEEE T oA 4 2# 1 Hadoop 4 ETL.

P, BMELETFERERAEEMLAN A Sl @A k¥, memtEm
MapReduce 5¢# Hive, Pig Xt TH, #frascidsk (n—irHE) hE FERHCHE
70, (AN AT UL B2l 5 B i il 7 B il — A el ) F BN A A R UE . (X B, 48
AR 1) 1P Mtk sl I 1) 5432 rT LA ZIS—Sbhr i pi i . U2 8 /T LA B X S0 0%,
e} o7 ) s ot 28

BTN B Eid it 72 ®, HT%EH T Flume fY File Channel %4048, Frll24 Flume
agent {8 & gA{It I, Flume ®[APRIE 4 H EBid %2t A Hadoop., {H&, Flume AHEMRIE
AR H IR A HE 4, MAKAEEL, — Flume agent 1Y g5t 25 FEHH 4 &
EWHEILRK 4, FIUALEEMfTAE, 8.6.1 TAVHRHIENEA .

Hive, Pig, Spark LA MapReduce ¥ LR EFRE L H AR, HF, 5 MapReduce HLL,
Hive 1 Pig (% N i — 5, SKBURREZR S, RN MERLSEL. Hik, & EHERE
M Hive B¢ Pig #EA75IE 28, & & A, RREIB—A, KRBT R ENERT .
RFFEIEMP— A SR S H AR TIARSE, 5HARIH AR E SR AT, ToR SRy
AMIES, RO EENEI EES ANk, REFHHEEEHR AL,
DT G55 S5 A 5 B BRI

WRBNRBCER, RATERERE (8 197041 A 1 H O 04 0 BbLISkAIFIEL) . 514 URL
Hosik, HARBEEFF R (REHESRERERSGRA), P k. 155 M URL ZE51HhHL
Hisk, ZPBiLOEREX LR, B HIRMTAN I T X Ie ot ai i, B EgEAE TG
FHRRE, eSS HBIE RIS, AT T g, EERIE R 5 E
Hk .

TR IRAT S T STEE RO, RIGER— N PIIE GRS, X T4IGE
WIE Z N7, 20 8.6.27,

¥k B ODS B CRM ) 2 8idlt, — A X Hadt i BdiiG vk, Bohix sk g e 2 7Y
BE B HE — RS IR . KR BOE B35 A HDFS "[UAAS A BRI AT, H g4y
WM,
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« kA ODS MR8 /data/bikeshop/ods,
* >R H CRM WEARFif#&12: /data/bikeshop/crm,

B, —RokbE, “HBRAEE Rl YD, ORI

FMNC MBI HE TR EARICEE ., 5 ORGP DR EAET . BEkES
ETIE

8.6.1 #HIFEXE
A$E R, 44—~ Flume agent &4 fiiit, mIRE =4 FLem A H il Tk,

3% Jfl Hive. Pig. MapReduce 25 T. LA LAHEfT#¥8 25 E, 5 MapReduce #AEL, Hive #11 Pig
R A m— 2, SEBUERRE N SR, M E L. £/ Hive 1%, REEZEAR
TEHR B —5k 4R (external table), H AL JGVEIE QI Hob—kk, ETIEEMLEM.
fH Pig MIAT AZHGHIBIRER, EH— T, EHEIULTIFREERT R, RE%
JEMB—~ 5N A B AR TR, 5HAI H AR E SR ARAT

1. {ERAHiveiHTHIEELE
LA Hive ;R igse ik Tt HIR |, HR =tk B sasm A 2R K4 KRy,

INSERT INTO table $deduped_log
SELECT
ip,
ts,
url,
referrer,
user_agent,
YEAR(FROM_UNIXTIME(unix_ts)) year,
MONTH(FROM_UNIXTIME(unix_ts)) month
FROM (
SELECT
ip,
ts,
url,
referrer,
user_agent,
UNIX_TIMESTAMP(ts,'dd/MMM/yyyy:HH:mm:ss') unix_ts
FROM
$raw_log
WHERE
year=${YEAR} AND
month=${MONTH} AND
day=${DAY}
GROUP BY
ip,
ts,
url,
referrer,
user_agent,
UNIX_TIMESTAMP(ts,'dd/MMM/yyyy:HH:mm:ss')
)t
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BEALER T HER A 60 B IE B 200, BN — AR VE R R A Sk I A I AT 4 4
WRFATIE KA 'EER, WA eNrFa7I%5E, @ik GROUP BY #E/GHkss R#T
—1T,
2. (ERPigH{THIELE
M Pig BV EE#E 74, JLPATME.

rawlogs = LOAD 'Sraw_log_dir';

dedupedlogs = DISTINCT rawlogs;
STORE dedupedlogs INTO 'Sdeduped_log_dir' USING PigStorage();

8.6.2 =IRHEM

AR AT A — AR A T A, BRR A T P R DA (DR /431 ID
) PEERNZA KGR AE—E, XMCELERRA & 1E L BACEE,

MWL oy Bk Le e BT, PRATEL T g — kUil b, P e B AR TWREE TR, AR
WY, UIRUiRamfsIA (GnE AR, R, KERAS) . 3T &l
Primskid, fE—LT AP, 2@ —AlEEER TR,

Ut AT DAl ek 2% R 55 25 FE S5 16 . B PG 0L T, MRS a8 S A A o il —1 4%
I ID (RFZ AR TASTE) . (B2, 2RIZATE ID Al EE, 80 aldi iR T
ETRNZE, X EFEE AT (ks HER) SiEERRED:

HERRESTE Z AT, EERERIE L P EF.,

o BE—FRVIsGE, PR SRR AR AR Rl s BB R R AR
FE R A PN E S R — Lo S /R P kil Heih i (SlIpe il i) i, off
cookie B A FIIRIEAY . X2 cookie WA TERBIMLE RS &7, BRI mT DAHE LR Bk
HIR—A P i, [EEEBRZ, cookie [EENET 4 2 F Al %2/, BhH P alfE
SHEIE A cookie, XFMBEREBESAEVIM PR AL, B —NTHE: RBEA cookie
5B, MBAFLMER IP Hbab kiR Bk A [ — 4 PR s, [FFE, TP HbhbA A w52/
B, 4 % 28 TR FH Mg Hhhik 58 R (Network Address Translator, NAT), ®JLLSCH
ZATAESE Z R 1P bt 4=, kLA H Pl RES BB — N P, X, fReTEL
ZEAHB SR REFESENESE DX o A, X Brydl1 U P ik
AR BIE—~ P st

o HyEFRE R PR R, RIS ER BT AT R B s D A 2 R
(ks pi i o AR —ANH PR T ZaEgids, FHATHIR Z R0 R Fa 3 AEE 1oy
B, BAAHEHINAXLE SR — kS TE R R AER . SR, anRaimik s & 4B
ERE 2N, M =k R B/ 25, IBAAEHENESE =k adi kB
H PR B Ib—k i), SR R IN—A451E . KB T 5t T HAGEEX A IIAR
#E: AR E— PR koS RIFEAE T 30 20 8h, BB ko i b 2N E T AT,
B, B2 o TR, XRMTLIHBINATANSIESELRE R, XFEM
S BRSO RS B R IR A R B . 2R UL, FRATATRESE
BB —RINETE, A TR ST — KRG —RWSIE T, [, Xk
o LA TEA BRI RE .
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{EIX—Hsr v, TN 1S5 25150 A an ey 6 FH AN ] T H SEBL S TE Y AR . Hadoop A 2k [ H Y
MapReduce, Hive, Pig, Spark, Impala %4k % THIWLUSEBLIZACH, 5 3 e
i, WEBIT, FRATEGEREH A — Pk A k& TE5HE 2 . Hadoop Hr 4K £ BAESE
HBRTUAT R 5K, I T HRESRN FEERmIIE T HREWHERET =, BB - 15HMRE
AREAERIAATE, Wb/ REW A HoAh I B R PERETE K .

Bz, EFETEERARRE LT PR,

(1) e A e g, $ElUig A piaoet BEAARSES] CARGIr4R TP sk, HumIAn_L cookie) o

Q) BB P B RAI P SRR, TR IR R RSy 280 ] P 2 R 51

Q) i R FS, XS A S G Bl A& 1E 1D, anRIES T A
Z AR ARG T 30 38, W& D F .,

TR, AR TR A R TR SC X e PR

1. {Ef SparkE K& 1E

Spark A& Hadoop LI —/~ith 475188, HE A MRELL MapReduce Z41F, (1% Fl HDFS
R G —4 RDD, A5t map() B EEEA i BT EE, DA {E Y
FHRGRE, ULIP #hhk S8k, UAhBUE SRR H BB RIENE (B—%). LATF AiZEAE
FOENIAMTN

JavaRDD<String> dataSet =
(args.length == 2) ? jsc.textFile(args[1]) : jsc.parallelize(testLines);

JavaPairRDD<String, SerializablelLoglLine> parsed =
dataSet.map(new PairFunction<String, String, SerializableLoglLine>() {
@override
public Tuple2<String, SerializableLogLine> call(String s)
throws Exception {
return new Tuple2<String, SerializablelLoglLine>(getIP(s), getFields(s));
}
s

BTk, FRATEMNE T R4 1P suhbpy sidioy A—4, JFMan Bt Ty GE—%),
SRIG {8 sessionize() J5 ik I sk VA R A%, IR — A AdioBAIEID (=
X))o NN A LR BRI,

//SessionizeA: S ER L, i A — /N IPHIGHE 751,
[ 1% BRI A THE T , HoRE 300 AN BT S ARie A Rl — A~ & 16
public static List<SerializableLoglLine> sessionize
(List<SerializableLogLine> lines) {
List<SerializableLogLine> sessionizedlLines = Lists.newArrayList(lines);
Collections.sort(sessionizedLines);
int sessionld = 0;
sessionizedLines.get(0).setSessionid(sessionld);
for (int 1 = 1; 1 < sessionizedLines.size(); i++) {
SerializableLogLine thisLine = sessionizedLines.get(i);
SerializableLoglLine prevLine = sessionizedlLines.get(i - 1);

if (thisLine.getTimestamp() - prevLine.getTimestamp() > 30 * 60 * 1000) {
sessionId++;

A
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}

thisLine.setSessionid(sessionlId);

}

return sessionizedLines;

}
/1 SRR IR IPH AT mi i A T o0 40

JavaPairRDD<String, List<SerializablelLoglLine>> grouped = parsed.groupByKey();

JavaPairRDD<String, List<SerializableLoglLine>> sessionized =

grouped.mapValues(new Function<List<SerializablelLoglLine>,
List<SerializableLogLine>>() {

@Override

public Iterable<SerializablelLoglLine> call
(List<SerializableLoglLine> logLines) throws
Exception {

return sessionize(loglLines);

}

s
PRATLATG [ A 4511) GitHub &%, 3REUE FH Spark SEEL & TH A iy s R0
2. {#FAMapReduce B &%
i | MapReduce A B 2516, RAILAMACED Bk R — BT, £ map() EECRTLAZR
BSds BB (F—F, Z2UarmRII=A20%) ., @H shuffle() 5 LA
M POt ST A F o A, A e HILrI L g (comparator) SEER A3 i 4]
Fer RIS R BHEF TR, RGBSR K154 Reducer Ui (35— ), reduce() HE(EE
BARAPRRF RGN, HoRSIEID GE=%),
PRATEATG RIA A5 GitHub 6/, 3REUE F MapReduce 5GBS 15 A B 52 % AR,
3. FHPigERSIE
Pig H1 19 )% DataFu 7 —~ Sessionize b4, 1%eAB IR FH e H BIRIC %512
TERIA, BRICRKIE — /N FBOE AR, A5 DA AT - HESI . Sessionize()
BB R e R AR, BAILRAIR A AL D,
4. ERAHiveE R LR
BARUE ] SQL, FIH SQL B M43 eh BB vl LASTIL S TE I AR B, AHX A DL 2 4
FE 5 M pvA i, FMIAHESE (] Hive 8¢ Impala (bEEZAT55 .

8.7 RS

TEREFNCBE S EIR 2 5, sl AEAT R o A, I E AT LR BRI T, 550 Hr
N R RTUME A T T HSR R SR et . 28 3 Tt b A v s, fimis 2, XS A
ATEASY AT =2,

o AIHftI BI T.E., %01 Tableau Fl MicroStrategy .

o GiltsrHrLH, ZnR = Python,

o TEMALESFE I E R oM LE, 41 Mahout 8¢ Spark MLIib,
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e SQL £ HT.H, %nImpala,
AFEFES AN AE L Impala X ACHR 5 ISR 83T SQL AR i RIANSr#T
IR, ARALEN LS R M, e T ZRKIHE, ATUS T T AR,

SELECT
AVG(session_length)/60 avg_min
FROM (
SELECT
MAX(ts) - MIN(ts) session_length_in_sec
FROM
apache_log_parquet
GROUP BY
session_1id
) t

AT AR, B ATCATH R MEGR B & g (B P I A B3 o vl oA kA 28 31 1t 01 1 i 45
KU E 5 )
SELECT
(SUM(CASE WHEN count!=1 THEN O ELSE 1 END))*100/(COUNT(*)) bounce_rate
FROM (
SELECT
session_id,
COUNT(*) count
FROM
apache_log_parquet
GROUP BY
session_1id)t;

AL AT LAAE BT T H. (40 MicroStrategy 8¢ Tableau) % Impala |, @id Impala $24EAY
ODBC 5 JDBC =), Brf mdiftidt (7 E it — A9 BI A i),

8.8 hiEAE

X, FATCLREIERER T Hadoop, MM mddiiiBAadEAT 1T & P& VAL EE, 5
JeUAZS it P B B 3 B A0 BR JE BB . e 2 OBt o B AR A Ty 05 kA7, fH
ARy (BRI REMSFACERITh) B REM Ml 2 B0, HRER T XA 3)
M. FERX—HBsy, Bl TH IR Al bR 2L T Hadoop #EAT R T & R T o

FERARRETTH, FRATE Flume SREUFIR AW ESE, HELFA RS, EEERLIT;
10, AR IE B Ris T — IR &GN, BAE—RE R RS TE— B R T,
BRI IE R BRI E AN 2 RS, WTUABERIBIT IR S TR AR T . AR AR
B AT, WIGEg — A BB TERIIER (FAXTE TR SRR K),
KRR AELES R TE R X TIUESE REORIFRAEF2E, (I RAEN RS
PR EMEBISE . 55 O IR T AnfHE R — NS i R GE, I HE 9 mARF L
BARMHRTE T R R AT B S 5

FRAUE IS 6 Frh IR FIRY Oozie Vil 518 B A TR 18 A2 AL HE,
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EARZIRBIH, Oozie TIEF &M —LeiAbEE T, ARG EKSE, LT A& Oozie T.
VEGRII G, 45 Pig APEEHR R E, UL (i MapReduce A2 %4516 .

<workflow-app xmlns="uri:oozie:workflow:0.4" name="process-clickstream-data-wf">
<global>
<job-tracker>${jobTracker}</job-tracker>
<name-node>${nameNode}</name-node>
</global>
<start to="dedup"/>
<action name="dedup">
<pig>
<prepare>
<delete path="${dedupPath}"/>
</prepare>
<script>dedup.pig</script>
<argument>-param</argument>
<argument>raw_log_dir='${wfInput}'</argument>
<argument>-param</argument>
<argument>deduped_log_dir="'S${dedupPath}'</argument>
</pig>
<ok to="sessionize"/>
<error to="fail"/>
</action>

<action name="sessionize">

<java>
<prepare>

<delete path="${sessionPath}"/>

</prepare>
<main-class>com.hadooparchitecturebook.MRSessionize</main-class>
<arg>${dedupPath}</arg>
<arg>${sessionPath}</arg>

</java>

<ok to="end"/>

<error to="fail"/>

</action>

<kill name="fail">

<message>Workflow failed:[${wf:errorMessage(wf:lastErrorNode())}]</message>
</kill>
<end name="end"/>

</workflow-app>

B AEEEE, BAELff# year, month, day S0 ik dedupPath ZF R UfH, X JLA™
e T B A R SR AR B, eI ELE S s B 1 L AER R R 2RSS
T,

FERAR B, S B RAR S R TR, R)q % TIRR SR AT —RAEdE. &
R W ER Al — KAV B R T & TR AR BN 2 B 5 B L#fﬂclﬁTﬁfEﬂLfiﬁu HIlR 25
16 P o | Bt N D S/ Tk 5= ﬁn%ﬁkﬂ%%i@%’ﬁf REEHHRIRE R A B, B4
ke B — B UL, RS B AR A AT DARE f5X — 5
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AR AT CAGRIIE B SCREFIAI R 2

o (EFFLARCEET—REY LAE 280, $IE Flume CL4TF 445 2 RIVEHE .

o SERHRIEESE, AR AR, 1k Oozie ZEFI%ARIRNA B 5t Be ARSI, ¢
RN 4% _SUCCESS, MRS tE L2 i hvk b, AT AR EEA0RE . il
a S RRX AR TR BN, BRI  H e T SCHERRIR A A AT AR (5 <done-
flag> ),

FEABIF, Flume AN KA S A B —ACHARIR. XM S, AL KR E S LI A
BARRS LN, HERES RIS KA GFENR, ik, ECRBmE—fr et
FILAMRIERZD T, WhiAes ot B ARG R Ean T (R SRS A 34 Bl , A3 Ran 2l
A5 GitHub &),

<coordinator-app name="prepare-clickstream" frequency="${coord:days(1)}"
start="${jobStart}" end="${jobEnd}"
timezone="UTC"
xmlns="uri:oozie:coordinator:0.1">

<datasets>
<dataset name="rawlogs" frequency="${coord:days(1)}"
initial-instance="${initialDataset}" timezone="America/Los_Angeles">
<uri-template>/etl/BI/casualcyclist/clicks/rawlogs/year=${YEAR}/...
<done-flag></done-flag>
</dataset>
</datasets>

<input-events>
<data-in name="input" dataset="rawlogs">
<instance>${coord:current(0)}</instance>
</data-in>
<data-in name="readyIndicator" dataset="rawlogs">
<!-- FlumeSE i h— A RN BI1E Z FHAS I E S 5EARIR,
TCIAR 512 H R[N T DA A A, B BB 46 B 55— RAVEHE,
A I haiE e I g R R B TR - ->
<instance>${coord:current(1)}</instance>
</data-in>
</input-events>

<action>
<workflow>
<app-path>${workflowRoot}/processing.xml</app-path>
<configuration>
<property>
<name>wfInput</name>
<value>${coord:dataIn('input')}</value>
</property>
<property>
<name>wfYear</name>
<value>${coord:formatTime(coord:dateOffset(
coord:nominalTime(), tzOffset, 'HOUR'), 'yyyy')l}</value>
</property>
<property>
<name>wfMonth</name>

A
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<value>${coord:formatTime(coord:dateOffset(
coord:nominalTime(), tzOffset, 'HOUR'), 'MM')}</value>

</property>

<property>
<name>wfDay</name>
<value>${coord:formatTime(coord:dateOffset(
coord:nominalTime(), tzOffset, 'HOUR'), 'dd')}</value>

</property>

</configuration>
</workflow>
</action>
</coordinator-app>

nPRAT AL, readyIndicator % Oozie, JF4AE 5% RIVEIRI A JF-dadaT TIER, XE
R — KAV R BT R,

8.9 /M

FEAFEYRE T — > WY Hadoop 8 NG HE: LAHEALBE TS Ry BralLes = A= 0t . A B A
AeBERgnpbifp i, L, ZARMERIEE, {81 Hadoop HF A& it T,

BT ZEA9 5 18 Flume SR s i 808E, {8 FH Sqoop 2k B CRM = ODS 1Y 2 %
PR SFARIRE ., BTk, BATHE TE T AEERE WA, WEEESLE, Kbt
LA R e BRI ASTEE K. B, X BERIR T A SRS &P R BIPAT 5 3 anfarid
XA R, SR, VB THT Hadoop RAVEHEESEITHI oMy, ands
H—AmuhrpkttE, e, BANER T i U E TR (40 Oozie) LA T
YEDIE .

FR AR T B A S AL A T [ FEL AL A, (ELTED [h 3/ ST e AL B ) o 0 40 Mt T A s s 5
%] NoSQL # 4t (41 HBase) Hsidl, AFARTHEILLE, AR GitHub 4
BB RRIS AT 622 (hitp://bit.ly/haa-session) .

BCVFAS T B A S R R8BI Y L bR LA 5E 2 4H4F, ANk BT Hadoop #E4THL 2% St
REPEARAR &t FRA1F A TERENS (£ 1% 1T Hadoop b FH T I GEEF D12k, A IRiEfL—LE
.
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BT

R TERE

HH2RIRVEARIN? X — A EL LSRRIk, S P AR — 5K 2 Rl R A B A ik .
BUERIRRLO R SR 27 T PHERT®, B AT LA IR It 2 173
& (NBLEE) ROHEBEMART AT TRE, X RAERERE. H—, %k
EFEATASRETAARE, B2, RIEX & milA s,

KTE— BRG] T . KK SR RERE % 1= SRS i, Xx—
M, BETFANBAERS .. RREGREBBZRE, LUNBZ RSN BEET 2T,
WRE—KR, SGFBRERICFERE, & B_ABBERAIRE, BLARKKEAER
SRAE R BLR . A BRSfR & FhAl, H B RIAF IR, BRIAATAR 808 24
5 T Z RIS . KR ZTLARED & X AR AR B BRIk O , 2B b1 5 % 1 2 (A
AEERPETRAR, WARK T TABERG, RIS R AL L
ES:

9.1 HEME

BUE, FERDSMBZFEGRIT LA 8B AR R, A R gk gt o
—, ZFEASMERIEN 2, BERKEK, 2R D0ieS 1. S
[, G5 2R ORI T M 1

AIZUA R AR E SR PeE fEX HL, FRATTIR S o) P /S AN TRl A AL BR 2
HRACEE IR R Y . F RSB T4 2] SR AL B, Ak I HOALER O ORI, R
RIE NS

M ZFRIBIFH, TR—AEEINET5 TRECHLERRRAE. Bk, STk
FUTAE . WTIEREC R 808 By 22 5 MBUEE Bk F 52 4 TRl . Hadoop REAEIX HLIR HEA 1
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ERIARSS , DR R =S i) -G B A 75 SR N ARSG (5 8., 1T HL Hadoop RERE 4G 1 B 5 A4
EEEHER.

L fm =

9.2 FHiE1TH

AT H RO AR, BFIGEREA SRR, RIMNOSHEITFER RN, EXMH
e, MR Bk IS B UREY 5 T EL T E T R e e IR A 2 T, VRN B b e 3
AHUHEARIER ., B2, X Fped e ACHEE REe R LR T %I IER 1T h 5. TEHR
BRI 1B 1A T R SR 2 b, TR A I S I VR HE S v o

ARRBRE, TR 5 RS, FATRENS QU — > R h ARSI R 5. 1k
VAR AR G A% REMS TR AR R 2, I B T RRAVBER ST MR BRI SE T, He %
2% TACER S B AT o 3K LEWL 1 T e 23 e Bk S R BRI, B8 i BT R S A

LHE A THE E R RS IRVE, (HRMIZER, HKIFRNW K&k 5408, 53,4
ZHERFIRIHFE, AEE PSRRI A AT A2 A WERY . (25 T B 2 6
FA 12 (AT 808 (5 R 2w A VERG I AR GEARAS TN B B B K . 2640
AU T IR VER IR, B — KT 2 N IR Z i P A YN 28 B i i 28 5
ik,

9.3 HUERMARZRIFK

VBRI 2505 HAthf £ Hadoop i HEFIA T AR, A& BiEHRE N AE, mdiis
Wr RS BE BAR & 5 T RE T TR BRSOy, (HAE AT DR e Nt SReAl . HRVEAS I 2
FUIFAERZR 2 NFT R RN, JRH SR, Bz, X ibsHmEEH
WHEEE TR Y, HHAEE SR Efr R EAE 8. Hadoop A 25 A S48 ik SEiH 14
(40 Flume, Kafka 5 HBase). #TSEHFEAf: (40 Spark Streaming) LA A#Z2410:, fedH T
BS54 (40 Spark, Hive 55 Impala) ,

9.4 HHI/E

T B R AR VERSINIZE A, FRAT 1B T — ARSI B, %G SR BL T AE AT P s
HAEHARTT m R VERN

ABilrh, SRVEASIR B AR AP ARTEIAE S o AnRIXA 28 55 FU P g H IR R 28 55 B
K%, Eatibsic. REMSEMA PRI ER S 512 20 MLEAPIAE., 1EM
BRHFGH, RERERE IP LR & 5t 25 20 B A B A TE . EKPRE 8 A
ARG, XEWERAM I E (k) RO 5% 20 M EAAE, %
RS I, 2R 2 5 R A AE — ST (% B scil), AL 5 P [E R 4 Bk
SR,

R —AFRAG, R —RE RO HIK PR A ENER, SEAMEAR, Wil
HBase #E47Je vt AMEALER . RUEX AR 8, (H ERELL /R ER g 4n (el f ] Hadoop i
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FTHRVERI, AR HE T —/N7E Hadoop biEAT3r St AL RE A HL AR 22491,

SERMNEARN I ZXE MY
A%, KRMNEHFELMNZ LA “EFA0E (ASME) AARGEFFR AR,
HEFEFFFAHGR ) ALAARA FF M (anomaly detection & outlier detection) ,
TR AL By ok e wktkiF, LARSHFLA A REHH R, KFHTHRAR
GRTAMNELZAAE UL, EBRORINEE . AT B RAN KR T i
FIRF G FA, AARTANEEB X (BERARIATME), L THRAMF
Ak, FEAMAERA R GBI Z—,

9.5 Mt

A2, Hadoop A& ANl By BT TR BIXFE— A REEMIWE? IXFPRGA ZFEIET 3, Bl
BIE A BB, ERADIR RGPS, DA RERE R A BT An (AR AR S 1
(BT IR

Bl 9-1 AT R Gee f T — R ZA I, KRB 2%, AR TT, iy
Y

e e

HadoopEfE—

& 7 i/ BB

A28 Az HBase /5,
% | At Holb N7
i 71

VHSGT SRS | 3 TR A
HfkR S Hadoop SRt —

A7 ) FILSKIAL E

; 1 [sptsteaning] :
Flume/Kafka |—rs— : :
FfSink A -

B | D] | |

B 9-1: BUFRNASRNRNE
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BATE AN B L AR P (client), fEX/MEIFH, & P umg —Fmg iR, ot
B ERRR G iERIER Y. (RIESIEL), X BA L2 M1, B4 Web IR55 wTHE
SIEUAE 2RSS 2% b

A TEE TS, Web IR AIREF I HBase WG M EGR S5 508, hEE
£ HBase Ficsk HETMIR Sy, F8 S AR I B —¥47 .

R 5. [RESE R g LR Je g i R AR 25 i Flume % 3% %] HDFS i &,

17T HDFS B}, $HERe s (8 FH i Seft IACFEAE SR 40 Spark 8% Spark Streaming H ZhAbHE
Spark Streaming 158 H 4%\ Flume frACFR % #E ., NRT ACHREE M M HLCL S it % L5
B Z NS, XS TO HERE o R A S (flan, (ER A R AL E SCE TR
— KB )ER A PR EEE D)) WA (. NRT ALERRENS/E HBase HHAH Y #h H 2))
TR,

NTREMSfE H T BARR 5 #4845, 40 Impala, Spark 55 MapReduce, X2t T EL.{EWS
K HAM AT AT RIFE HBase W& FimiZ H 515 B,

AT AN PHIRR PR 4EA . HBase BT LA R T Flume HURIEZN . Bl T4 H —
BT e AL R A SR BT, ALRFEENL S 7 I I AAEABTEE Z N

W F S R

MB35 H kSt 3 F AT — AN A A AN R G EINARFAIEFTE A, WU
TREBTUENRREF X HEE T,

do RAE LB A 7 B AREV R M LSk Fa iR 69 AT, KA AR X Analytics Made
Skeezy (http://analyticsmadeskeezy.com/) , X AN & R A — AP e R ARG 7 X,
BT SRR XN IRy B F ik,

e RARA AALE F I 7 BIRE LA E A 6975 ik, KM% Douglas G. Mcllwraith ¥
A BT 49 Algorithms of the Intelligent Web, X A Hori& 9L kRN T H THRBY
Java £, L—RLFAFHAEEMIE KX,

e RARB KR ERAL, 5+ BME T4 A Python ™ 2% Java, Af A &A1 B3R M
3 Sarah Guido Bp# & #& 43 % Introduction to Machine Learning with Python,

I T MRS REKGZEFF, ITTHARFF LG AT EFE, LK
1132 B4R M) 3 Stuart Russell 5 Peter Norvig 4~ 9 Artificial Intelligence: A Modern
Approach,

AN e R IV ST TR A o] O &1 18

& P4 -

-2 CpS e PR R (S o

— F PNl HBase f7i . #2355 EHH A EI{R 1582
- R R B R EH R A AL RS2

KB AnfalfdE A Flume KF P 22 55 o R 42 %) HDFS 17
ALK ACEE . dnfarsr 2 ARG R AL B A B R E i 2

TR HL, AEBIUAR AR - AnfaT 2] B RO B I TR AL B ?
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PRAL AT A A5 SRR T HE R AR T 7%, (AR E ST AR EEE o 5 TR, A
A AT AT, v EL I R P

BUETEAE — TR T R 5.

9.6 EFimZEty

FEREGEY, HIRVESINZ FBAR Fumst, & P H & T — Web RS 25882k
TR, BB —MEES R E I EH RN RS, X BATHEY, RIRIZXE
—/~ Web k&5 %%, BRI—A TS SR TR R30I R & i 4,

B PumAn g T BT A A TR AT e AT,
. FHir

RXAFAEF A S B BT S dE T HUNGETE, e amkg s A B NI SEIE (41 A
YHRE—AIEET “FI B Fortml”, k),

o AB/LET LI
XAAFEELRE B BT SR EINIEEIE, AnA s RI{ELIE, A AT REFE 205 IE URL A&
Bl PRATREHIA —A IP Ml 2 RFIZE, FHea B9, =T §g R i 1P
T — A W TE

o R A FIAE
X FPUS IR s B SR fT3h % (actor) BIfEEKFE. 1T Shwta — A RAF
IFIFo AR PRt 100 A28 S0k AL AR R 22 RN S BRARIN . (k22 BRIN—k 5 By Ja
20 538, TR E]—ARAECEBRD IR S, LA THAE RIRE,

SEA A X EEIGIE, & Pm b A S A FA AR 2R E g, EfR S F AT kR
502 AR R S5 R

HE, EEAEBEL2RDR G RHNEIE, X 524 M%) Hadoop 8 HBase, R R
THEHME, L5827 LLK: Hadoop B HBase MZEH RS %, X B R g HCiEAE H
FHIE A B IF B ZEAME B, Bl Hadoop 55 HBase K& A& o

TR HE T RUBAE R AR (o B ORI P w45 BRI i o

9.7 ERTFHERIIE

FEAFG R P E R DA B N P o D ) | AR 5 T, ARk iR, 38—, TR AR =R
K, ATREW R MM PR IIR S 0. B, (F R RSV, T Rk b7
VE, BANFERUEEZFRNR R PRI LA, A SR NoSQL IRy —
SeerE, JoAE BRIPUERI AL B AT . B2 56 HBase, PFAAR{THFIH 7 mi R A7 ik 51
HBase 1, JHORIEDRIEE AR I SE B & o

226 | HoE
ER#tX£R largelove(largelove@163.com) £= EEHRN



9.71 £&7F

% PRI 05 B ey Ao AN h R A . AR AMB SR AF A mI (R, A2t AT
PALAIE i 2 s O HE IR R B IR 2 H AR 220 15 B

FHS AN e M I — A RAFRIZE AT B AR TARBRIVERE, Al BT KIEAHE
O SR A A S T R e B A 2

TERZAFHEZE IR DR A . NAF 45K H B SRR, $87E 1 R BRI RESE A 2 05 HY

NAFHE TIN5 . BAHEFERE R 2 B, A A 5 o fi N A7

A,

NERTSHABNFIMNIEAFE, TATEMER AR 2 BRI A P AR A, BRI

oYM ARGy R E bk, (HARNGFEIER (EHFPH) 52 W L B mE G e R

(B AKZERI) A, XFE ISR AR . A T SO ARAS Hh 2% A7 1 N A7 R/ NPR Al

FATRT LI & P 2 B i RS B AT 40 X, M PR UEBE— A% P PR A 1L R i — A1

B, WEHErE R KRB AEE i, ATHEFEH Google ) GUava 2647 /&, 1%

PERENS 5 15 Hh G B A 2% 47 (https://github.com/google/guava/wiki/CachesExplained), F 7]

VLEC B B get J5iELARIELEAF %A B {R I A HBase Hn#.,

ALUL T WA TR g7 B 6E.,

o Do ARNFEEA % (4 Memcached) (EEERETT s A4 K BHE

« AiE HBase, LARUFREAEIEDLGZAF BT A TR EAILTK . AT RES R AR DR A E
AR, TP iR,

IR PR ARSE HEX AL

1. X NEFERE

JfELF Memcached B¢ Redis 94> 47 SN F- iR 5 i1k T 242 BRVTT & TAE. wttEne

5, XHREEHATMEIRH, SR RIVIER, 15K RS 1~4 270, X—

TS5 EAM, PLRET T AR AR A S A EYU R, X B AR SR B L

FGALRGHP BRI Z T RAIA, X — R AT, TEARBRINARE FANR

. AR TCHEARITAIEAE, IBomt T E aumtE — DA E BN AL . Xt

B E YEAR A EN AR, TEAINH. HERIMNSES, (M T HBase, {#JL°F

A MAREFTET .

2. HBaseHBlockCache

B JCIRAVIE, HBase 1EAHZEAF B rT LS ML RO M R2I [A], L EERRATTR AR 25 R

REFENAT . EXMEHILT, 14 H HBase 1) BlockCache, fRIIEFT {8 % HE bk

REFENAED . TEE, HBase JeifIMAAIEN A EABREI, 255201 BlockCache HIK /I, A8

ot Bt i ekdt CL2THER T UF 2 X BRI PR . ax ek gt B 45 % BlockCache ) OffHeap ALEE

%t BlockCache #E 17 EHELA Kk Java IR HIL (Garbage Collection, GC) ZRZE#EATHEAL.,

XM, HBase FY—/MZOHRERL (R—ElE) R VEAS I 28 SR S IR i B A7 2 T LE A A
SOM, R CAP BB R FIAVARKE, 20T HBase iX A R UE SR —B AN o3 X 25 2 &
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%%&TT%&T%&%E 92br b, 4nlk—/> HBase i Region IR %5 %% K /B iigfs, f£—
Bt (RTRERFEE L BH) , S — S THCEREE B A

HFX AR, HBase {F AR O ALY A2 P IR B 5 48 5 | A —FRL IR s wl k.
ARG TABIEE, A iX 5 i LIE——(E HBase Wi H E¥X+5£ /1 HBase 5
BEAT . IXAEMRERE LR AL M SN 32 HBase

SERERR ISR IR i 2 A P R

9.7.2 HBase#HIEENX

Hh T iE—2 T IR EFE ] HBase SKIL—/ Mo 5 %, ARG — MR 5 HBase
R, EEARZESEERNNGh, BONTFE-ATEAEELBZIEG, XHAE
B TR A REFIWTE & A7 AT A

LAF Java RIS ProfilePojo 2%, FMMIS{E/FHIHEBIE, HE, RORXLEFE Sy
BOXFEILA 2N JUPAS R ARSI T, &% kAR T, KM, #ikh
PR BRTE.

[l JLPAERAE ST B

private String username;

private int age;
private long firstLogIn;

/] SREE K TEL
private long lastlLogln;
private String lastLogInIpAddress;

/] T
private long logInCount;
private AtomicLong totalSells;
private AtomicLong totalValueOfPastSells;
private AtomicLong currentLogInSellsValue;
private AtomicLong totalPurchases;
private AtomicLong totalValueOfPastPurchases;
private AtomicLong currentLogInPurchasesValue;

/] e B A5 BB

private Set<String> last20LogOnIpAddresses;
{t HBase b, ARIZAIFFGEEOLTREA R, KLFTFEHTXAERAK, AR AW
LRI LASE I HBase $0HE 7 BRI AL RIS 38T
1.5 (AEFIHEFI)
FFRIFAZE, FRATSERE R M AEAE LA H kAR IO, AT LR X L]
BRI R — 5808 & A5,

(/1] RDBMS HIJH MR AN S % s £ 4 BAF S — 51, {Ho2 HBase AFTANE, B&
CASS — R SR B A i B Wa 8k . 181 9-2 J&oR T HBase B L /AMEAFEE—FIRIE DL, LA
BB eAr 153 BIAF i AE A R ST DL
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it I ] 5| fi
4 123456789 C JimS|80[123456789|123456788]1.0.0.127
i I 17 1] =1
L) 123456789 un Jim$
4 123456789 ag 80
4 123456789 flg 123456789
4 123456789 Ln 123456788
4 123456789 |Lg|p 1.0.0.127

9-2: @3S RIRIIFHE

B 9-2 Fow, R — AR T et Z2m] . BUE, fEShislrh, K25
WOME B SWRGE, NI MR EGEFNE R 2% B HIATRE

PR A EL A AR, XARBEIGE TS e Seei]. Bk, Aa5EmT
ABLELP AR 8 3l W e — R S 41, Xt Ul TR — 7 A7 fE & PERERT LI
B, EAFREMGAEIT R AR G TR fE . — RS AT BT RN g B3R 2E ) HBase HUHE
IAEFAFFZIER G, I R UEASE AR A S e (SUAE F AR Hh 7 A 2

ERES A

s thig, B 92 WM AN, REZILHE, F4 e ik 3 i
% b, {H RDBMS R4 andt, i, HBase %A BRI, BiIdTFk
LA RREDILA, T, BARICRb T B AR, P T iX— i,
HEAES | 2 G

2. {EFiHBasefyincrementZ put 7L {E A E 4158

HBase 1 API $2{ft T —/~ increment 757, ®[LLAARYFH % HBase A7y — 4 (B A 1Y
(EBEATHE IR . X AMERARE T, FIFEA . ZIATRER ., Z#E0RTL, anax /AME Z T
K42, XTI 2 # 1R, LA 44,

X —INRERYIRK Z A AET, 2 A B AT DA [l —/MEREATHE IRV, WhiRCAZAR R 20T
AIEINEIE . 2 Java A RLIZANE, X BRI VES DT AtomicLong Fi1 addAndGet ()
Fiik, X SREA long++ A, FAFENEEBELEN,

i, U increnent RURLAAN, (YA H%E IEAIIE— & HBase HUI,
iR % PRI, 2 5B AL, % PURRIET tncrenent ik, WiFAHE
WP E B T o (EXSRMIENL T, % PR 2 R IR T increment,
i3 Ancrement (BT T FIU, WALV AT B2 AR, XM H 2 4
HBase SR L 2 H1BL: 1 96HER 3% tncrement ik, IZHESRTES T AKIHIT, %5
LIRS, MR increment Sk S UG ERE, ATREE 4> tncrement $4f7
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I, AL increment 5k BT T —IK,

ZIEFILL LI AEIE, A increment AIREANEHRAFAITIN, 5 IM—F7J7 R H HBase )
put 211, RS increment pREAHLL, put SAFAE—ERYRBRYE,

o put TWEMMRE, bhan, HE 2, RELEFEGIAE, X MEERNIEFHA
42, fEX51H 44 %X [0 HBase ZHif, F5ZEAER P b7 MU
o POARZEWMRIE, FrUICEE—4 28RS Hn—AME.

Spark Streaming iX ¥& [ £ 48 % 5 2 W UF v LA JH B 3 FPPR W, 4028 7 3 Prik, Spark
Streaming HE 1% £ — 1~ RDD W 77 fif 11 %, fE Reduce AL b i £7 34 &=, SR )5 KX 2 {E
put() | HBase H, RUEMRE 8, (X higft 7 A KA, ZMETTOoXE
Microbatch, KX BATHE L LR, [, MATEZEHS /> pass )\ HBase 1 get %
i, FARA - EHEN RS, FILUUREAESL RDD, #ATHEER get MIHGHE.

MEER L, HBaseincrement IR ELER TR B, (H&AF £ HlHE RIS, put AAFLEIX
[, (Hastgi iy, PG A, LR GFrscBlE M 1T put,

3. {EfHBaselIput FiXiE REHHE

BT A TR, AT A PR S . T4 HBase il 1
Feemfr, PS5, B PR e mca 205 0 f BEA R AT 5509, st el LA
FUIIG L, Fd H HBase 18 E:FH P 5,

5 increment #f[F], HBase iiARLIZME TR £ ThEE, (HWAFFEGRPE .

o BARITCAGERAS (version) BRIMEA 1o XFMEULT, A TBZRRA S BA—
AEEEIE—F Dk 20, WIFE R, RS BELESET A& SIS R NET.
FREL, AR R — 17— SRR A S B A 20, PRAGFERE R & HI LT A 2R
RRAHRA 20, S A4 AP IR R o AN F1 I

o AERPE R P A B HIRRAE N 20, A8 AR Uk 2 N 0 I Rl SR B
ARG A RERRSRD, IR ERRNEE S,

WA H A g9 Kz A, i HibAE HBase B put, 2 P al LA HBase H it BT A
s, GUEHES, WmiaaiBn e S5 A—AB—1 put,

5 increment J& put Jii AN, RAXF TR G EHHMAILE, AT TR R
B 100 /> 1P #hhik, XBF put HEESIROKRE R, b, BFRIX2 20 E I R4 H
GAT, MR K, EERRIR T ZAT, PREIZTF A5 SRS I S PR
T HERE .

BAEF — T N IRIZ AR 55 &5 L9587 HBase IV mEI R, {£E, AFLEL RS EL,
SERLAY R L GitHub &% (https://github.com/hadooparchitecturebook/hadoop-arch-book) ,

EXAGIA-H, A EGREAE B BT, T84 userld, fTRLEFAF: json 776k FH A
%, ¥ h JSON, ot i) B A1k i {5 ST OB 18], 38 5 i 30 {5 A7 fi% T JSON #42iHh,
) Avro ¥ PLAE B2 (Anafiai s TR ) . 7EARE R da i BE v, JSON 5 H Y
CPU # /b, BEMEIEAN Web AR5 23 1UEM-&,
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ix LR R A T R gk A 'S HBase Z IR &, #ARTE—5Kk3, SRJE M get 5 put
[T

static HConnection hConnection;
hConnection = HConnectionManager.createConnection(hbaseConfig);

byte[] rowKey = HBaseUtils.convertKeyToRowKey("profileCacheTableName", userId);
Get get = new Get(rowKey);

final HTableInterface table = hConnection.getTable("profileCacheTableName");

Result result = table.get(get); @
NavigableMap<byte[], byte[]> userProfile = result
.getFamilyMap("profile");

Put put = new Put(rowKey); @
put.add("profile",
"json",
Bytes.toBytes(profile.getKey().getJSONObject().toString()));
put.add("profile",
"timestamp",
Bytes.toBytes(Long.toString(System.currentTimeMillis())));

long previousTimeStamp = profile.getKey().lastUpdatedTimeStamp;

table.checkAndPut(rowKey,
"profile",
"timestamp",
Bytes.toBytes(Long.toString(previousTimeStamp)),put) ©

Q EE: I HBase FakELmE {5, fE52% N HH, B HELE loadProfileFromHBase() 57k
W, R REGRE, AREGRAEZAT, XBARRDE ST,

@ I B 3T HBase Mm%, fE52¥ N HE, ‘2HIE HBaseFlusher H', HBaseFlusher
A FPE R, REMFIRPIRBCEF E R R 4 A HBase, 41 EFR,

© FAEM checkandPut() J7 idif it tHILTE 4 55 1, BT IE RSN E B E 448 5% —14 Web
JIk 55 & ST EI {5, ANk HBase AR (A B app FHEYASE, AR 2k 2 B — /-t 39
HIRIAS X BLFG 24N HBase F s | —ASETHYEIA, SR, mHIKE BT A
HBase, X171l % HELE—A while() A, FrLAANAR checkAndPut() e, Hfi1sx
FFOINEGTAE R R E (RO E I,

9.7.3 HEHFNUTEH: BEHER

BUAER I HE R DU VIR An Al el i A s B R 5t

A% P K BURVER, MBS RSTEIHRITAEH RO . N P TR B, 55— SMED
ARGl T REE SRR M R IE B P, IR SR T RS AT AR B A TE. RIS
e, LKA E S RAG KB N, SRR SRR T A H SR R TR AL
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T T RETE S AE MR VEAS I SE RSN R GEAE i, 1T HANTESEI RO % H 2. ]
RERHAS I A B R R FIx e 258, (HEX L PETEHIXE RS, Pk, affr
FE—AVA LR T RS, IS4 REZ R 2 IRIE R W — A% Fum sy, X ighn T NRT &
P 7 n# R, X PP OL TR Kafka 8H BB S (Message Queue, MQ) ZSiHE
ey Al RE R EATHYERE . LA & % B Kafka 8 MQ ARG — A8, UFATA
TR0 T ARG XA,

TP EFRE LM T RE R LR IR T VAR MR . X BRIRMVK BT, 3R
HRVEAS MRS (HR1VE, RIKVE., BRVERAY) DLRK I ik 5 HEACEE 75 18 %% FE ) HDFS
eI, KIDRE, R EFRAGRME 20T Spark. Impala 55 MapReduce 5|
BHSTER BRI, X RIS PR R 2 R e R B AL E, A
B JGF— T Anfr A TiX R AL B,

e, FHESURERRERR A BARRLEE RS, B2 ko B BdR 2. AR
WS- FNXE > N

0.8 HIEXRE
BTN A I S, Bl R EERR 45, it & 9-3 22 R m s b i — /Nl 47

(LIRS R

HadoopEHE—

ARIBUN ST i R

IWebff: ¢
e | At
GAE
PR SeR A | TRk R R i
FifhRE Hadoopfefe— | | |

il V| RS SE AL
—-> | Spark Streaming

“—— DFS
Flume/Kafka R

BRI

1
| Impala | 1
1

P I
] | Spark |

B®9-3: R&ERM

X B {# ] Flume 1E 43 A HDFS % Spark Streaming 2 BifIfcfG—uk, S 2 mO 848
BT BCEWGR. PR, THRRES.
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BNk, FATFLEIEREE P RSl Flume, #% Flume F] HDFS ARG, etk —
A Flume REZH), AU LEEEM, KREBOMHRNEES 2 BAPAEHE &,

= iR 5Flumelal B 21E18 B
HR R R AL % PO F Flume, Fit, HFHHEMEE, Rf1R LT =
% P | logfile BRI 7R 13 G2 Sink 2 IR T EBAF.
mgﬁﬁmL
RO RAEE S L ZERT A —A Flume % PSS A AHUOT, A,

Zvil_ Flume, fEX/MRAA, & Fimss BiETeR Flume Y agent, J5#& &#hf75 HDFS )
BE (2UE 9-4),

& Pl

Flume
Avro Client

Flume Agent

Flume
Avro Client

% P Flume Agent

Flume
Avro Client

Flume Agent

& Ui

Flume
Avro Client

B 9-4. Broimihix

TE Web iR &5, X FhJ5 T LA B NettyAvroRpcClient 1 API {R{EHEMSEEL, B AR
RN, AL ST FNZ R I Aikr e dE ] L, 1% DR AT AR I P s,
AR {# 1] NettyAvroRpeClient, # %575 % il i RpcClientFactory 38 HR—A~ 92 i, 4K J {# ]
EventBuilder €% Flume 34, Jf-## {18 n3 NettyAvroRpcClient H1 UL % 1% 4: Flume, 5
4b, L ATLAYE FH appendBatch() J5 i — kMt & ik — R 5, X —HEESHINER (78

KRB ZATEE RS R R ), (R RE AL &, FRATHERF (%7575 1 Flume
VEES iGN

AGIRBE, an T A Avro 2 P i G VE G IR 1] Flume Sk (a9t f2 (BLib R
SR T AR B, sE Ry L F AR RS R DA o 5 [A] GitHub 6 %3k 73 (https:/github.com/
hadooparchitecturebook/hadoop-arch-book ) ,

public static class FlumeFlusher implements Runnable {

int flumeHost = 0;
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@override
public void run() {

NettyAvroRpcClient Client = null;
while (isRunning) {
if (Client == null) {
Client = getClient(); @
}
List<Event> eventActionList = new ArraylList<Event>();
List<Action> actionList = new ArrayList<Action>();
try {
for (int 1 = 0; 1 < MAX_BATCH_SIZE; i++) {
Action action = pendingFlumeSubmits.poll(); @

if (action == null) {
break;

}

Event event = new SimpleEvent();
event.setBody(Bytes.toBytes(action.getJSONObject().toString()));
eventActionList.add(event);
actionlList.add(action); @

}

if (eventActionList.size() > 0) {
Client.appendBatch(eventActionList); @

} catch (Throwable t) {

try {
LOG.error("Problem in HBaseFlusher", t);
pendingFlumeSubmits.addAll(actionList); @
actionList.clear();
Client = null;

} catch (Throwable t2) {
LOG.error("Problem in HBaseFlusher when trying to return puts to
+ "queue", t2);

+

}
} finally {
for (Action action: actionList) {
synchronized (action) {
action.notify();
}
}
}
}

try {
Thread.sleep(HBASE_PULL_FLUSH_WAIT_TIME);

} catch (InterruptedException e) {
LOG.error("Problem in HBaseFlusher", e);

3
}

Q Eid B AERIXFARA Flume agent AIHHE, #441E Avro & P,
O 4y — /N F K% Flume BUERME (el SR B AIPesR ) BASI, MBAFIHR$E B, F1k
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CATVEEL K Flume 44,
© Frx e A — A sk, IR UECAHE R 05 KX 4y Flume,
O 76X B A Flume % k3 1E51%
O WRAHIRKAE, WLRAREREIATH, DMER)E EI,
ERIRRILE sy, 21 Flume agent 2548 —/1~ Avro ZE R Wi ek i By s 4 ,

al.sources.rl.channels = c1
al.sources.rl.type = avro
al.sources.rl.bind = 0.0.0.0
al.sources.rl.port = 4243

BN P la] Flume HE2% 30080 B AL 40 F R,

o IRER Pl Java 155 9558,

o THEH Flume MR MBI R P LT

o CTER PUmFTENT A LRI AFRF CPU W .

* 24 Flume agent #2J7 Baiftit, & Py 2 X FF(E Flume agent 2 [ iE4TH)4,

o BTE P 5 Flume agent UL R ERE LSS E ERUATE], & FUR{EAEFY Flume agent |
PA AR AER , 3X — m25 5N S B A A B A K/,

TR R 7 P P S A et s A (AT IAEAS i v s A X AR I ), 1 HL& o

M F BTS2 — R REF] Flume 1, A2 X AMBLERHERE, A, FHEA SRR

FERY, IR b R

2. Logfilei BY

BRI LRy R L W, X TEEEEACRESH, REEUBFCLERT

logfile, KL ATLAM logfile F 2RSS {F 5 Flume H, 1 A95 50 e & Fum A RD , X Fiis

OLT, BASHBES AL, AR/ Flume $0EIE4F H EIC R IR RAENT K L

W B 9-5 JEORIVEAE X T R IR ZE R

EFRAEE S
Log.File.1
A Flume Agent
R ume Agen
Log4) Log.File.2 —_ [
SR Log.File.3
>

9-5. Logfile AIER
BRI AL H W (HR TR AR IR VRN E e, 5HEARY Avro & i AH
bk, fH logfile HEAT R BAFE— LBl AT,
o MERE
PrHEBAREE, AJFENERE] Flume W, IXFAS SR MERENE, SSREIRAY IR
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PERE AT UAME B R IR I RE I R 4R v, (HRESHRIE. LA R FFIE L1
IR —SEdikE ., IBBURA LB ARERE, S S80E ™ E A,
o HIEEX
*FREE BT ) B, SRRSO AN A R SS . MR T B Bl i
I, SR E LR AN, {#H Spooling Directory Source REMSEE fifiX —[mIl, {HA&
X FEARIE RO AR B I BEESE RIS I SO, Am3En T REBMVIEIR
o Flume & 422 & F 3513 &
Flume T5 24038 bz R P H BB ISR,
EARGITR, AR EE e E g BI, wTLMERERTIZR, 3 Avro & s Il
TR P, ERGRETd, BOMBE Web RS 8 BAEN, Lt fFE
e, EXFREOLT, ffFH Flume 9 Spooling Directory Source M logfile HRIESHE ,
3. fiE EHYiE B AT S Kafka
XA AR L, X — % P s Flume FFi#HR, IS =5 3R E BRIk /Y
HA., HIERENAR, X~ HRNWEEREELENAR, B8, FEEEF ESMHELE
Z&, WAVPHEEHEOESRERIERZmE T, BRI ERPRREAEENTE,
A THRERERT LR . % P — MQ — Flume/Spark — HDFS/Spark, 411l 9-6 FiR,

HadoopZEfE—
iﬁ 1%\5}\
bl HadoopH
1E1i%

FERE

9-6: 2pi— MQ — Flume/Spark — HDFS/Spark

| Sink |

XFEMAI DL S AE T AT AR % P M Flume F1 Spark ffifiBiitick, 8, B A B ELER
KeEm i, B Spark ATLAM Flume, WA[LI MQ FRisBud. —F WA LIEH TIE, A
it 40 Spark M Flume 1B 40, AP 2 nTUALE KK 2y Spark Z RTEATid €, XA AT
LLgi/b % Microbatch REEIIE ST,
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AL AR T B, B R Kafka H2F 284000, JERE — TRXEER, Bt &) ium—
Kafka — Flume/Spark, #n& 9-7 iR,

HadoopEfH—
PRI S
[ERIN HBase J¢ /54
ftb A7 A7 it
Spark F %40 F, | Spark
Kafka ] k
(i) Streaming T
1Ak
Flume
wesn [l Ele] |
S ENZ
= u_J HDFS
SolR

9-7. Zpi— Kafka — Flume/Spark

— AT B, X R AT LAE SR UEZHREAV R B UL T, A Flume 11 Spark Hfig i % 1
Uit MH., XAEEOEA —MRKAIGAL: WTUAE RS, LAl IF & Al a5k .

& 9-8 JE/RIAE B IN—Fh 55 % Fiiti— Kafka — Flume Sink/Spark,

HadoopZEff—

it
TG

HBase 7 /5% H:
{th N AE £ ik

Spark & #4031, | Spark
% (]3%) Streaming

HadoopEfE—
1k

Flume

FREE

Sink

A4

HDFS

SolR

9-8: Zpi— Kafka — Flume Sink/Spark
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AR PRAN TG4 Flume 280 8%, 759 % 1% 4% HDFS 8 Spark "2 Hil A 7 S8 7% (L 8 3% 1 1B 4L
1, ALK PLIZIAE B ATRTERI TR T

9.9 IELHAESIREESH

IEAN(ERE R ZE R A W IRAE , BR T i P dE AT SRR SR Z 0, I T 28 D Mt
SSEIN

o HEH
XA F AR R A 2 R RE Lo N se sk, BIEREEREIW R LM
PR B,

o WERMHSNT
X 2RO TR R KR R TN S LR N SE R, B o Hr 5 . ok
BERVERS IR, BB o BB R R P AT 24 3k sy B SR O AE Sl & Fn i 5>
Hrigin2ftl: MapReduce, Spark K Impala &2 FLERRATIOE SRS,

IEAA T —THAR BIAAREE , BT & THAUL SR AR R PR A (E A R A RT 25k, fHAR
SV R E IR R L

9.10 ESERFALIE

4 ik, TATE VIR T RIS, fEl T A e, TRk %
HDFS st a9, 4 ok, LRl SR, fFRH VA IR A7 4 HaB
HER I,

{Bi E i R lEAT A B4k A BIRERUFIRL N ZE b ARid . EAE T S AR = kIR T
h, AATE 2 ST FASCE A X AT TR BRI, AR X 2 iR A T B E ik R B SR 1
B KRRk E, AR AR R o SR

FAFFEASM AT ASE , ERFX—HE, NREMIUEFEAIRITE), M%ET
THEEIER., R HILE 8L HSE, 2R A R R A S 4R R 5 2 4
HOABERE, M5 BN VE R 20T, SRS R IR 245G 6

BR—T, FICB SO SUER H X AT, & A LRI B 2, ML stk
REBEMINAE ISE T R R e AT %, X BLA Rl E T 3RAFR R AT, BIh TFF)
2R 2ME LT, B KE s (B R, PHEDUERNITA), N
ifi 1 fe b RIAT ARG R H T R R T

ARG F T CAEM & RS o ri vk . — KA e SR F S E . W
BT Z A0 THEE RV T AR ALEIE, —Fa A e M T AR S E— 2R
HIBE A IE S AT ABEZ N . DV IR IR A G, dw BT, amk—4rH
FUERLF77 i LAEBR N T 100 5, APwk el GEe &K AE TR SGER N, (LR FX %
AAEHT iPhone L TAYABR, AL HLE N2 3 Aok S W Wi /8 22 R Ve L it AE 3
BT,
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IR, A AT AR & b5 A RO S/ NVETVEDR . Fe 1T AR XA O . BRVEAT
HERA T P BT LA E, HRSRWBEITE L P, e E P& i EVL 50 47,
XAEFE B L UPFEESE R, R AEZMRTE Lk v DAk R T .

VT SE BT — Rl IR BRI AT o, skt —mrRE 0 GEF LR EJIL
gyeh) NP RS CR, Ak 9-9 FR,

EWT?J:TIYJ:H’-JTQ’ 8]
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9-9: AENH

B YL, E E BT DUR TASIR SO RO T A . AR Rk L TEik
R, PR an R AR R & 005 SO e iy, AT RER BRI R AT, DL
R[] —If ] BT A b L SCE B

TS M T LAE o (R A BEMEZE (40 Spark Streaming F1 Storm) 8634 {8 FI Pea fb AL HHEZE
(% Spark) #E47,

Spark 11 Spark Streaming Z FTUAREAS B AR TR J5 S0k, JR 40T,

o TRAIA AR R DR LEE A SN b, AR S (i R AL ER A 5 S B A Gk
BE4yir. Spark B iE— EAY APT FIHLES A 2] BEAEAEIR S,

o GEEEOLT, S HN AT DAERAC B VIR UE, HEAERALEE S 1%, Fis T, Spark SCHF
PRt 3 E I (S LD R R SU:

o n, ATEEIITUFZ A E ZALEE (AnFESRER 287 ) , 1M Spark Streaming $i&
PET AR AL SeAb PR R LY AP, bbdn, TR A %ost rl f# F Spark fR{EHEMSTEL,

9.11 KRN

B Jr— /TR R R P BT . X — RS R AR 0 T TR VAR
ML 5l SQL FnrT ML T HAEK R b B A B, B4h, X — BB v DL ]
Pl ) Rk AT B ahGNIE A, U\&ﬁ{xﬁfﬁﬂfﬁ‘l‘ﬁ’ﬁ%’”wl%o

WK, X —E o AP S AT AL P —FERY SLA 285K
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W (F AR s . DR B HDFS 25, Rf1aLAEit
SQL # M HAZELAF RN (Al 55 #rii ) 47 BIE A5)
X kA 43 A U AE B & E TR TAE . £ Hadoop WIS T, {5 S BB  FrELLLBTE
e, AR S R ) REOS LE o BT B W B . ST AR, TRRISIL, BT A,
IR AT BRIV, AT TAT AR PR S it S0 F P 1%, bRk, s
we PR LASRIRG R O B
Sy WA LA e, FRfl 140 AT LA PR L 25 2 51 5074 B2 FL 5 HDFS fER ISR 1. —
s 5 BT
o ARATHRRBRFUES D
— RIS By Bt AT, ATREHRIR 4y BOA TR SRV 2R, SRkt AT LA VR 2 B A
LB, DITRENSZE 28 5 4 Bo WG S0 (B . S Il ALk A2 SR BAZ 5 I i AL, DLt
B2,
. RBEZI
SEGIR, A1 K-Means i BE (1998 2 B AEOS R AT A AT 3R B8, T 20 BF VR T 1A
FHREE AT HRVERE .
Sy pTim el LA H] HDFS _E A9 [ 50 8ot sk AR S i R VR AE , A AR A RIS B,
U TTE BRI . 23 WF 945 7T LA T S FR0E S VA T At

9.12 HAthZR#gx$tL

LK, HMb A SR AT AR X — a8, B IfEEPhie — 2675 kAT TR, JFITiRt i ni
RZEREA I TT ZRIE R . B 9-10 Bk Bbrikit.

SEae ]

FA P POSHL W £& b7 FHFR
=» R HBase
B 9-10: BiHE

9.12.1 FlumeizZ#sE

IEAREE 7 EARBIRIACKE, FRATATCALE Flume $2#850 285 i SKBLAE 5 VP rT R 4], X (R Ak
BRIFESEHT HDFS ([R]85 HBase HAVmE & (40 9-11 Bz ) . #ONGK— B K REMS
fi£ Web k552, FRAZEMRIARIEZ) . HBase HINEIGRAS A, DL GV RIZR it
R E, X LEHTAE Flume Hh5EBk, 1 ANTRIE Web IR S5 i, X FERER AR 55 U9 JR 1
S4f . Flume 12885 BEUSTH 2 I HRIE R YRR . X PR S AL T K B ¥ 2 i [ml
R TR Web k55 &%, BACEI T — RV R . BATAHEAE I AR URL 3
BARGTEHORERATIR A,
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Flume$: 4 25 4844

FH P POSHL 2% o7 FH AR
pr i T =

1:r 1L
Kafka, MQ=I A H

9-11: Flume #3322 8

9.12.2 MKafkaZ|Storma}Spark Streaming

X220 9-12 fiR. 5 Flume #2885 T 2626000, BN Web IR 55 rh Al Al = {1 AL 22,
ke TP R EX 2, ERIAR. SR 3 B U AT & AE Storm = Spark
Streaming Y Worker FRBEAT, {EE, XELEWRE, 4 THTVERGN, Rt 2 i
UM RGE. BRI RERGRE, SMETIRBREMERESEAF, mH,
X757 % 5 Flume 2025 75 RAEFEROR M43 TR &I, $IA AR R

Kafka + StormZ2t4)
LB RIAS

FH P8 POSHL 2% o PR
“TD ZE B Kk C Storm Spout

1E

T
Kafka, MOt i i ;?Stor;Bolt@ HBase

9-12; Kafka+Storm 22)®

9.12.3 ¥ RAAZHN5| 2

BN AT ZREAE SN E W RGAC B 5N, 4l 9-13 FroR, & Pim e iR SR KT
R, FERRFRIEE RIR MG TERE . X R AF AL AE T lk 55 KU 5 1 4 RE S AR v fif s,
SCERVEA TS BIRAVE ISR, X — 05 il 5L ABSMTAAHEN TSR B R & 2k,
BEE, S HNE EEA AR RITHETLH Z N

P IRH 5 | #2584

i P18 POSHL Web ) IR “@ HBase
—‘_IQ:P T = ) snsie

N
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HE, EPTA XL, NRT FIERZ M Hr ol DAk B8 2 mi B 05 Uk B, i fif
JH Spark Streaming 8¢ Storm [, 728 NRT w] LAFIHEACEE S |85 F B A0,

9.13 /hg

I — A et A VRAS T 25 S 75 2 R 1t bR i mT SE A mA L, I HLAR S AL B R4
P TR X ST R LIRSS B, Aid Hadoop B HiA: 45 2 G 4L o il 2 444 iy g ik
BRI PSR O 138, [HATERRGE R £ .

BEXHE T Hadoop SKIUKTVERG I AR SE, AR T —Fhol RERVZEH, Avidix Hod—Fhsc il
RURGHIRET . FEHESR T, ZEMSARER M AR Il w03 VRS 5ok 90
&), AFAERAHRAE TR, it T Hadoop Anfal B2 AT X M AU G, dnfe B2 1754
UL BRI .
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£10E

HIECE

anA, #AT & AR ERE TEIEEH R, $38 € B MMoh & L 8442 & & (Enterprise

Data Warehouse, EDW), #lA& 4> F R BRI 2o SR R BV BB BB A 17 ik, K

3B AL BHE B Ml 5% e A #% .00 . Hadoop B A1 WL b % 5 2 — A& 2. 24 EDW 224911

T, WEFRA AR & F % # (Data Warehouse Offload, DWO) 2% 4% & &%/ (Data

Warehouse Optimization, DWO),

i Fl Hadoop UOEHE & FEE#, — R4 PN,

e ETL/ELT
-4 n#% (Extract-Transform-Load, ETL), BIMEc#HzIR & Bt , Liatt%
fomTie, HHmER BirRsd, HTESOEMo it e, i Bl DA FE A
TRk, SHAMEBIRRMEE A, DN T3 & M BHR I UE S8 8.
B Hh— A DL AL B AR R Fh BN # 44  (Extract-Load-Transform, ELT), ELT &
RemBEHIEZ BirAs GEFZE AR, REHfriti, T eakis
& PFEGTUS R ELT A1 ELT ACERI4HT, DL A# A Hadoop M ELF R GEiE 172538 b B A P
e, FMEmESETIHE,

o HAB)AS
BEi 2 B — e RN, EFHREAEERRAEY R, Ay BEARE, ALl ik
W T PR T R R INHITRS RS (40 Tape) w, SXFEMAYGRSAET, A IA
FAREHE , sh e SR N PR ARG rp R R B2k b, bRl Bdm RS 58
BEAEMENBIEAES L, BABMWMETCHE L . MeEsdE:T % 2 Hadoop MIHE
OGRS, — e R ESEIEEHE A5 (0 EDW) IS HEdE, 5—7
TR RER PR X SeA IR TE LR A, RREA R o ik
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RS

XTI AAFET EDW %8s, Hadoop f&fit 77— MHRARAVD & (sandbox) FREE L F¢sr
Br. X ATREABABIENAEMTEA, TRER B AR frk Sk sttt thalfg R
SR BRI, B nEE EDW d, (B, xR BB M AR, Hadoop
REASIE Mt EDW i A BRI RE

YR 2 AU IELEFI F Hadoop 458 B2 RIA 2L allist i, Bl Byt /g, Hadoop B4 H.
& TEAR G DRE, AW R EBEE A7 ik DR ARE R & IR R RE ) . e A i P
wFEFLE1TH P& RIS . Hadoop RES IR AT A7 i FIAb B = 25 ) (L R 45 A (L 408
F R F 5 S EALEEE Z P, F5 5 EDW RSk, o HriEseg I sk
A BEABAR IR, X — S hEE, B4, Hadoop i T HERIF £ HATHIEE =75 BI
LB rIRAL T H,,

A F RIS JE R AN flf Hadoop 1EASHR & FERIFNTE , [RIR R THEE & PE(E S Th RE R34
RN N Z0 2 h0, BATEEE LR EHE CEZER R G, FATH) BARA 2 2 Hh
IEEBEAR TR, A AR B 2T AR,

KT EICEEMN AT R, GREAHNEETUZ%, 1 (Bda ek
THAS: AeRERBBURHETE (58 3 i),

& 10-1 B T —A- 8 EDW ZEAR0 E 34 iy, BARLL T ILANE.

BVE R BB IR R G0, L E R AF il 55 i i /R 8 F 55 AL B (Online Transactional
Processing, OLTP) #Hia FE AR AFE A 8 Hi /7% (Operational Data Store,ODS) , Z4 {51,
— AL 55 5 s A 8 — /> OLTP Bt FEAF G T % 7 U ] IRt A LT 38 SRR
HfhFss, XERG S MIARICRA, NS B TRMR & & BRI LA B
Adr#sl,

PAF X AEVE A b A7 i X ATl o — /384T ETL/ELT ACBRRF & . His I 1R A
BARIR R GRS BRAR A, INF S B W B € 3 2 B2 X LR A 7 4R 46
XSEHARPRE— R AE . BB E . Bdebriie. BBt BdEthse, F%. [GrHE
R, KRB X HAHRREE A2, EAE TR, R
B R A AR L, 2RISR, 7E ETL B0, #7721 Al RE R Bin O 2 S —
BeSe R AVBIR SR . P SO SER ) E O AR, i E ELT R, BT X
BB BERR—R5IFR, {EXLeR FHATHARRNE, SRR s s Hh ., &
B, TREEX I BURERN, COEBERCERT, PR T&R. W%
SRR IR B AT X AR

BE A A o PR BB - HT . IR CEThRERIH TS . SRR R S rIiE ARk
TR, Hdi 6 ARk T R SR o Hri, @M T2 &id Ry, X
wE, MEEHERMSRAZ 4R (EEEX) i, X MRS ERSoREh
INCAREA
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Bl oy B s
AL TR

4

A 5l ,
ey 171 L

TR RS

10-1: TRREUB TR

VL BZetgrp, £ 2 2 RIMEHR TSR in, — Bl BEE L (Data Integration,
DI) T H52RH, Informatica. Pentaho. Talend. SAP. IBM Z5i% %) mdyigfitixfh DI T.
H, X @A A DA RS  BE E H ASE, B4R T Hadoop IIfRDE 5 .
BARABE T ERTIFRASRG TR TH, (B2 2% H%H DI THEALPLA 0T
{iff X 26T f2 LAY Hadoop T H., — 5, FIHBABM THAE RS EF, B—Jm, &%
SROEA THISET, A MREYRIHH,

10.1 {ERHadooptIBEIELE

ZAELICR, MRS FHR E S5 m 2w (et v — SURES, A 41 2 4408 224 Hadoop

SE R BN BAR S PR A W Y TEANPRIE IR ANAE, 5 B E T AW s g & Zer it . DA

Rt AR AT R k.

* XR1}F#SLA
B 5 St Y R 2R RN A 2 PRI EE N, KR (P A BRI A AP K o 7 B e i 1] PRk 2 7
PASE AR E ) ETL ALBRERME ., Xk B0k B 7 B R AU & e b A T2, & NI
TRIESERT AR R AR S5 7K F 1M (Service Level Agreement, SLA),

e THETAMHELE
£ ETL AbH i A 52 B, X EE &A1 A A5 ETL ACPE CREEE M 46 4% 2K
A RO 8 SRR AR TR ) AR, XS FEJH PR A, Pk
sz, HERSE ETL ALB AR,

o H AR A
SEIR AT UL ok 4 IS CE £ e i s T BT A R GUR fRR LA L [rld, {HEX R AE A T4
SRR FNER U PT FR 22 o —2E i e B . A TS HIRRAS , Bt i A
fit B BHE— RN GEFRBILIEIE), HMrBdeHEiE., ik, mR
SRR LI R D 2 AN AR, s R T T
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B2 A E M
AR TR KT, B Ll W T IR RIAR 2, B ST A Y R R AR R A
Bo BRI, (eGeldn G RSN LIFABA RIGYE, VF 2 HLUCHE gt BOX Fg 5,
RN A X 2 Z A BUCTEG & MBARTR (At stk B 388 ) Segeaiiaft
PEHEATRIR o

H T RRFUL Bk, FA TR B OGP T Hadoop., M fEASGE & AR KM FE, Hadoop REfEE
LU,

7

Fritm LB E M EA R 525733 Hadoop, Hadoop $2{it T —/~14 25 AR b FEF
H. HT Hadoop X HifF EALHRII m R TACE, A AL [ FnAb B M RE 25 A W T Y
k3, K SLA A T IR,

PRI PERS 2 B Hadoop HREAT, S FHECHE € i T U5k wT ARG H >k 4 H P A i)
k%5 7T,

41, {1 Hadoop B2t —HFRAFLA T =T5 I 4t

il it Hadoop FEMEAVEAE Ui #E 1, oA A\ B3 Al AR S M R BLBAR TR (E O, i
YR SRR ICTE R I

Hr Bt v Y B £ 2 AR 3 Hadoop H, AT LIURE HCE U G e i 55 5 25 (R AN B
ARREEB T T,

HA RIEPERY Hadoop SCHFETRUENIEER ML, ARSI BERAIALEE, Xt k& T
MR R BREA R ARG, PR R S A T RIRE.

B 10-2 J&7r T Hadoop 1EABHRE & BN FE I I THZR B4 B

S HT TR

Hive/

Impala/
HDFS Spark/

HBaseZ

Flume/Kafka

10-2: Hadoop B CELNE

PR RTEREAGEH
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P A A A Sy R R VE RV B TR 2248 (Operational Source System, OSS, %1 OLTP $¢#8)% ) .
WHAEN T, BRT 0SS, HAhFiEIFth 41 A Hadoop, #nMIZ% HE (Web log). HLE
$e8% (machine data) stz AT EHE (social media feed) %, X {H G2 HRI5L
P SR U, X SR PRI R AL BRI BEAY . {H Hadoop #2 AU T M8, FRAT1E %
2 Sqoop FE AL FEARIRI KR, F Flume 8¢ Kafka iXFERY T HUG SR TSR0
KAz .

ElH) Hadoop L2 HUR T Z BT 24 [l SR BT A2 X . (R BmiR 440 o8 2 B A=
RS2 AT, RN E HDFS, i /E N 1T Hadoop FHFHIAR AL HEHESE (Zn
MapReduce, Spark, Hive 8(# Pig) H52K,

PR E e B, BARst AT UM E B RS 7. ARG, e rdn 2hE
fi3@ it Hadoop [AY SQL #1 (#n Hive 2% Impala) #Ef715R], BEREW S H EHIEC
e, DMEIGEREAN BT, BIN, WRIEE 10-2, $3a 4 & dh B A % S m T 3
Hadoop H1, Z{RUL, *EARHATIHAY, S& T RF It A xR,

Bl 10-2 b Jgor Tilad oy #r THE (4 BL. A, "I CHE) XEdR T Ui # .
S5t R P E SR 6 ZE T O LU A, IH 28 H i 45 b T HL ey 5 1) 7 A7 X 5
MAERTIZE R, 5 T 508 BEf Hadoop 3 W] LAUEAT 409850 #r.  H1T Hadoop $2 it T
— AR REAE AL BRHESS, fE AR R 2 MR RIAYAESS (40 ETL Fn4r#7)
ERES,

B A — AR X, BIACERRRE T L@ it Oozie iX FEM TAVER B HE T H AT Eh IR B

A B A B — A~ SR BV AEan ol {8 Hadoop S8 B G ERVRER, ERMMELL TNE,

y

{#Fl Sqoop MERVERVEARIR A Gt FE BUEdE . HRH -5 A Hadoop,
PR A% E] Hadoop TRZEH BRI, WAEEHREA | SCHA&, &%,
f# 12+ Hadoop [ACEE T Babf T EHR 46,

{# Fl Oozie X/ RCFR AR AT R

i Impala XA T 5 #7 Hadoop HAYELR .

ST 2801 s S I ER S, JFFHRRRATTTE,

10.2 HAfgEENX

REH PR DB 25, ZAGE LB kBEsIER, B8 EmthE, MEghis
k% (Internet Movie Database, IMDb, http://imdb.com) MihtZEFiIMIE B, H S
JA T D R EST 2, R 24 S8 H g E R (adEik . Bk, mbEgwig
%) HPEHMISECH 1~5, TF RGAEAX TSR, B4 H P ol B 25O
FE, M0 B EEEA T EE,

RA RGBS 25, TEEELLT LA,

— BB % B E R R T R R £ 20
A SRR ERER? — A RS RI PR 2 B b T secth?

o 2130 PR LA RS GENEDY (1995) T AMET 3 o RILLEIG £ K7
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o FHDZIVAPSEZA ANGSR BT o EH? Eidk—Pokik, REmiEos bk
HILL B 2 /00 b T AR P4y ERTHIHLRS . S I BRI ) 40 A A (B AR 2
A 5] 25 7 F MovieLens (http://grouplens.org/datasets/movielens/) #t17HF5E, £ MovieLens
s B, A0, B THHEIL ARSI EREERE, B8R Erssmae
HAFAE . BABEE T ERVEIRRITIEENTHE, TH TiZEdE, RSP A
KREIM, Horr, Bl 1A RO TNZ,
o R dAE
BT 4% udata BISCHEHT, RAERTA ST HREZAO DR Bt . (EIZSCrEh, BRI Py
LA ID FEAMRI R,
o wH A
Pt 40 item BISCHEH, EE& BT B2 ID, DR M H MG R (Mg, ke
H %) .
« MPESE
B F 424 udata BISCOEA, BEFTA R PRI ID, LA PR THE R,
FAPE NI R I, AHSEdE an{rd i 156 A {4 H Hadoop Fn¥ia &
JEBEATAF AL E . BE A THERIHERE, RS EIRA AU EBIR RS A EFRR
OLTP #25, ARG THA R B 1% 4 2 Hadoop FIEUIE & E 2 f5, B S#iA H arery®k
IEA,

10.3 OLTP#REZ

KRS AERY, Bl 10-3 sk 3t A&l (Entity Relationship Diagram, ERD)
J&oR T IZBHR R B —> OLTP L8,

‘id INT
< gender CHAR(1) ¥id INT o INT
£ 2ip_code VARCHA. .. & timestamp DATETIME 3
Tl INT < aga INT # user_id INT : fite V'“H::“E:z’ + movie_id INT
u u u 1 o bt 4+ & release_date bt .
% oceupation VARCHAR(64) ¥ occupation_id INT ¥ movie_id INT  videa rel tato DATE T genre_id INT
R video_release_date
> & last_modified DAT... @rating INT o - >
< imdb_url VARCHAR(1024)
>
»
> R
Y

Vi INT
< name VARCHAR(15)

»
C—

& 10-3: MovieLens ¥i2&8 OLTP LI

WHRYE, HSL OLTP #AU BARE TSR IEIRATITEN, BIREREIRTC Ay, RIEEIE
B, EREM LV PRI A 2 e AR Le iR, anfilE, MBR. SRR E R —
FE, [IRHAE A Sz (LB R
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fEE 10-3 1, PR RE (Bluser ) W&FHE-MHFMER, AR D, #51
HAGL, WBBRADUA R AR, o i P B HRL 3 B BR A7 AE 55 9P — 5K £424 occupation FYRA(L{E
B, 5 MovieLens FARHIBAALL, BATAVBA BT T /M S, P REE
KRN T %1, %74 last_modified (_E—RESHH) . ZFIHARAH T E B EaL—k
A IR TR K

WATLAVESR], BEER (Bl movie ) A ITA W LA RIHEE . BEEERPE—
ID %I, iZFEFRN T, RHMIE . B Ak, Erca ], SRk B (EFTE).
IMDb Hbhik, FEH B b E A SN2, R BIRFEREZEAER (B genre
7)) v, Ed SR ARE (B movie_genre ), RAILARERH—HHEE— 1%
AR BIRTHE S ZR o

B, BA ATy (B user_rating 32), A7 il 8 B4 HL P 3 R L2 4T 4
B, ERREE NP RIER AR, HPID (user_td), HGZID (movie_id) LA
B P MEeEsy . PR RN AR, HPAT o R B8R — A 400 Wd 1951, 48T
FTor el AR, BRI R A

10.4 BUEECE: KBNS

KR a PR RN . 40 AR (AR RTEEI) SRS, Fosdh &Rk
THEH SR L% 2 — Ak,

A BRI T — K SE583R (fact table) , X JEFRMY A 208 & Bdi i v 06 TSR R AV (i
MIRAE, 2R, T LU iy —@rri . TRl S —2ZiT8, &
TTIREEAT AL A —FIRL T3 55 . fE IR B, S —/NH PR B AR A —ik
PESy

FEHE FERTI, BISERRR AL 4R (dimension table), XEER g RGEH & TR
PEANfE R, S THSRM BT ERERES T, A EREE MRS T B
SRS ER NI — S0, M4ERAIGEEN S R, HRIE . R Sk
ARG R, A, WAAER A TR R R, ErE R, fliER A
PR ANEERFIAL, AE LR GF-rb, 4R RS AT PR T 2 AHOCME B, AnR AT ke B
B, URL, HPRAERY, UL, WBBcdmiD, 5.

TR R R, R LTG5 2 M 2B OLTP £l ZEfyik it. 4% B8 Sk ik Gl
ST, RS KR S =750 (Third Normal Form, 3NF), H[JJ&E 4 4 i (& i
TEE, EREEFLS RSP, HRREEHN4 (HNEEARBT S ID), HiZ
P A PLOZAAERER AR (HEAERB TS ID)., T2, & TME/LDWH (Data
Warehouse) A A ARSI K —i% HR GBI,

—RME, 2 YRR EREM X o AT A R R IR E A, iRt B 0 %
HEAFIT R,

FERUEZET oy BB rh, FRATE R N4 FERE R Bl & %, X R A B3 & T Hadoop
. BA A & FRAIR THX —
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BLAE o [ A P 5 T A A K2, %6 Hadoop 111 ETL i B st & mi &, ikt
WA S,

Bk

FIRE (grain) iR LRAVRLE K/h, FLRPH—KidRREMF2? —DEREZHE
FRIIT LY A& — A KIT A AR T8 brav gk, Fokpmpra
ST [R]—HLE . BLE R AZ R AT RERLAR N, DAE A Pl it 20 M St [ & i A8 A
BRI, AEXANEIH, R0 A —A PR S R PR 4y

T Ja it

FRRPIIA LLF B T UL ESEAMA (AnLAETT AR EE) , A LA RN
(AnHZHBEESY ) o AT AT LAEA TR, X5 &l T 2 Bk & R (. A
W, PR R SR AN R, AR RTLCRBCE I,

REFFEA

X LB S T A TR A B R AN EE Y S SRR A, BAFE LR (aggregate fact
table) SARKLEFFK (granular fact table) ¥JwILLld BI TH3E FI5R], AT LR
P TRARL AR Al IR . (EARGI, iR i s ol 1 4 (R 21X
H—ik B A HLK,

FRFEWE A LA IME (Foreign Key, FK), iXSeIMEIIES S BAgR, F9HEMN
F:4#t (Primary Key, PK) i /& —RFIIMERIA A, XL MEREMEME i E — 40
. FEABIF, %l user_id, movie_id UAJ timestamp REMSME—HbHE — S F L0 T,

¥
JEF R A PR (ANl 10~23 DRI ) DARAREAR B AR L
2N VS

H o2 B R — R TR A A Y, FREINTER 22 BRI S — 2623k 1, PR sy H )
A EHAHFE . EARGIN, aREOHFREITs 20 SERY T, ROATREER
SQL TR BRI IR], i zh &AL A B, T HHCRIE R,

SR TACH e

AL ESBEE IR R AR, b ARIE, FERE, R AR,
o MR ZRACETT A, e RVTCSNP LT MR B2 EAFERY IRE 2 SOk #T
WA, EMRBERIN—&FRICe, JRERAPRIC A SRTE, BIRPRIC AR, A
FEERERIRRI RS, DR AR RS, Ja B NI e B EE R
AR ARG, AP B E LA SRR bR R, bSO IR R AP R 2
), AL ES EERDCHFENE, HEIRETER., XHESAH R
VAP 25 83 (Bl user_history ), W& BB AUHTE, PFRIZE 26
L, AR EE PR e B DR 5 2 3 P i (5 BRGNP 5 8
2, XPHLPE T s A5 SRR (3 - 0 s 5 Bk
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10.5 #HIEEFERIHadoopERK

RIBEIAK, 17 AE OLTP B % A I BE ¥ T LA A7 3] Hadoop w1, AR1fi, & MITrfik
AR, 5 OLTP % & v I EcR U M AL, Hadoop _EEHRAI TS M RESA A E,
OLTP ##ig & vl LAY s b 47 R -2 il A . 587, MHBRERTE, FIRHERENS R IE BRI 52 %
P, E—BZGEE DA K0T R e, K BN R I — RO T SO BRI E S U M £k
%, BRI, BT EER, Kk, SdBSULE LRI R A5 E OLTP 4t
PEEEd, 4N 10.3 YR RIAREE.

104 5 EZIRE, B b WO BCEAF % T DAGE FH 2 B f T sl M Je (b B Y, fEAR R
W, XF Hadoop EIIEARAFiE T %, Il L AR .

10.6 ZR#igit
&l 10-4 Fr7 24 Hadoop Bl & M TTUE ML,

/, movie

,l user_rating_fact

Fout e, g, b
SRR &I

BIT.H

N

user_rating

A 4

avg_movie_rating

latest_trending_

user_history movies

SR PRy
iR A3

user

Hadoop

& 10-4: Hadoop B CEEIRE22AGI%IT

MBS R Ff SR U, BT 200 =2 Kl ) OLTP %047 45 A Hadoop: mJ AR IR
PogioL=N- 27U E N IVR g:28- v 2 B A Bt 0 )i WAk 71 E N N L Wb 5<h 21 D5 o7 e B 72§ 1 1)
SAES ATLAEE Sqoop KFEM . B Sqoop HEF I AR ERTA, BHECHE
PRSERNRT 3T AT o BB, B ARRFIEICFMOA LA E R . Xt il
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Hg &3 N, HIETRAT S ARG S AR, XA IEES AP ER. —
FRAREEIAE N BER, WHhE iR EdEE G T4T 0 %8 & user_rating_fact, X
T H P8R A& user_history ), 55— 2@ BHTRVE I M A N BR 5 R 4T 90 B8 22 user_
rating, T H PEAENE user) . kAT Sqoop H S AILSH, BHLEEREILE 4
D s BREARSE, SRR R AR R SE R 4

G, SHEMPAX LIRS/ Hadoop EA B —LE R AR A CFHICZIR TR
10.6.477), BAEFTA RGEEITHPEO8y . PSRRI o s, 5%, xR G
PR E & S E EDW SRR T RAARE P Ui LR A R B wT UL
AP UATARE TR (40 Oozie) A7, BI LE-WIULH 418 Hadoop A5 AKHE & /%
[OEHIT 6/

BTk, WAETARGIE D IHERIREE, Bnfrif, REBait, BBl ik
P EER ]

10.6.1 HIEEERTFHE
AT AN{A fE Hadoop _EX%F MovieLens #5488 i1 T @ BFIAR6ig o

1. Tl 5 ERYESE

el T So 7 I FE HDFS 30/ HBase TEAA7fiffo 13X [ i Y 2 52 R 550408 O 1 [ A X
(ZWEE 18, EEIECENR S sh, ReTE#E ] Hadoop $h4T ETL TH—LE4F:
%o ERZEBARCHERISIHLH, ETL MM THACEES . F5ERAVEdE N OLTP R5E
higEU R, BEATHERACE, SAURHEMMBE AR G b R R D ST ETL
LAMKIRA, H—, ETL LB A IR AR VR A 75 28 VI (R] F 0 A Bt . =, it
SACPRACRE &, 4 T ETL RYACERRTK

7o, i BI TR T RAVR AR RSE R Hrif ), B EMaREIRiITR
AERIERA R, ¥ TLLVAHAE Hadoop LizfT. LA MovieLens £ila A6, (UM —/~4 ik
e SRR 21~30 Z I, A2 ANEE GENEDD (1995) STHAMET 3 50
PFor7 o PATIX 55 1R A BRI A AR IR AE 21~30 % Z Rl PR . Sl H R U, XA
Bt S ANEE AR 5 DEXRAEATRELUR),  Jeik s ot Ui A .

R B i AR D A A R R TG A U (R A7 i /£ HDES Fr g%, TR LR dtk
RERIREALIZEI, M mivafiitbae, Hit, FOTHEE CREREIESF 4 £ HDFS L.
2. et

IEANRT AR B AARKE, HoHi A Hadoop ZHif, 1 H & BEAT R AL TEILALER . X A% M &l
TEH, Sk EIR A, WAL, WL Hrigl. 7E£20 Hadoop X FEIT R GEH,
BT 2 UORIBAR IR A F i ik, 19 R/ NI ANtk

WRADRE — A0 XA, BRR—K/NE, JFEILPASKEE R, i
H, R2HEWRESRIRER, BosE Ml EER, BILRIMTEHRRT %,

* F&AIRTLALE Hadoop oy RIS /a5, P 5 BRFIIRGLR .
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. &MTuﬂﬁA%& TG AL, Sebrh B T UG ID 41 (occupation.
id) MUK, BIRAIME B E R A Hadoop FIUH FE B3R,

A 15 Br R 5 ——H Pk R O mEVE L, AR B P 1% B R —— 2 /£ Hadoop
e, THIRAZA 2 R (A AORRIRGL 1D, X AR AEMRAR /I, i ELXAEBE G T 66 occupation.
id TRk, PEREfEs TIRZ.

BAE, LEFAHEEE DM EEE AR (movie), # 5HEBR ML R
%Hﬁﬁ(mmqwm)ﬂiﬂ%(ymﬂ XHEPRHNERS LA RFETL, AR
/NS, T BIZ R AR S S R RS B B A e . R FL B SR U, TR
LA 20 T FIFP S %,

* FRA'E Hadoop Héedm =/~ Hudin e . W ME B, MBI IR DL 2B XAEM
HIAFAL A PT AT AL B R Bk 2, EL4% AN OLTP Kot & iR Actie & il BT, fHiX
AR, A i E%ﬁt:“ﬁﬁﬁ

o WAL R, R BR DA T 2 B2 AT I FIALVE AL EE , A2 A~ 5
PSR JA A Hadoop, iXHE—3k, ATshT AL RER KL HEBIMBIP LT, =
& B S AF Hadoop JathAT— MR & HFRIES . BAFTA R EdE Y 4E Hadoop HYJ
=R ES, PSR LA AL B o et — B2 T LA B 2 A4~ 2,
BB FRAMR PTRES H— MR I A 2 Bt BT AE B 28 (derived data type) 1,
Fean$edl (S DLE 5 Rz ) o

WAL TATER & — X E B, R BIR IR DL R B2 47 R a2
A% Hadoop |18 — g —— X FE v LALE AR TR £ T 0 . il

FpEA ik, FRATELAE Hadoop LB /M et — R ERER, L&MW
FrAfE R, BARILFA TR RN F B RS P IRGLAFR, B— AR E
B, BEETRENEER, BRICRA 2R F BRI IZBERIITA 25
HR. BTk, LRNMRERG kK. HAToR, IRATRES R R AR EodE
BEATHLE IR . BRI, XTI, FAMA I FFACET %,

o RAMHA =R E, BREHPERER. REERERUBM PSR, 2 ERTEEMN
BRIV EA BETE A

. EHMmpL&MTu RE A EIRE (BUHPIER), KA IR T R e
fUACER DR VESR, — /N P R A BRI T o 1L e 8 b 2 A
epER) . XH—K, ATHEMB, Al DR E R R, He, X
LSRN BIERIBTOR S LY T 2, BRI AMALELRAT T, H2&m?

R, BANEERTE, BEEET R, X R =R % /E Hadoop L. HIFE

BR. WREERUBM PR, ST ETEE, R SEHIR B,

o R NRRELTEACEE (AN & I ) BRI EAR S S FERY R R RS AU A 2 A BRI
HIT PR R 75 ZE e AL T X AR S, BRI & JF 21 T R P (5B, 2B
RA IR A IR THREER, o TP ZokdE, H P BRI E BRI
B B C2AHYPER, AT A IHRIERAEFRER, ULH AR R R MATE A TR LH .,
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o WERAM T RIFELEALACER , {5 B EHTEACK SRR AR —ANH PR T AR
AR F T A O 5 S5 T LR AT ST 5 SRR B AR 2, X R IIR A 2 B

FE{# F Hadoop R fie, P ABEATE —UIACHT il S S lBetie (At b 24 2
TP A PRI — KR A . AR A, AL AT LA BT S AL
o (AnBEAT RS A 0B ) o T EL P RO E 5 U T ke T B A X, Kot 2o A
BRI DKL AR TR RIFEERIEBOA BRI, 550 i R AE T30A — Rl
il RE LR UE M/~ Hti S e B ore (BIG R [R]— /S SRIBRSR fRRiC ) R
[l =/ i b, iR Bt S A 2 A IR oy A T AL B ) T RE BT
TR B EHE S TR — M BR ENIRIE T — & ICF & B (AIFREA
AlrEEE) AT R —AT R L.

ik, FEHRMPIZEHRBETEF, Hadoop E&AH =AEUESE. HPEERHR. MREERIUKL
PRy, RYE Hadoop ARG L EIEHRGE, HAE A M ERD Kféik, & 10-5
J& R T Hadoop %41 A1) ERD ik, ZFEEMA, BUZ#E (occupation) ELZ8 I AL
JEEBIH 5 EZR (user) W, HEZRBIM L (movie_genre) 52 (genre) LK
LGB fE B R (movie) H,

»id INT
< gender CHAR[1) ‘id INT »id INT
< zip_code VARCHA.. @ timestamp DATETIME & title VARCHAR(128)
% age INT ) | FuseridINT L | @ release_date DATE
% occupation VARCH.... | | @ rating INT ! | & video_release_date DATE
& last_modified DAT... ¥ movie_id INT < imdb_url VARCHAR(45)
& genres VARCHAR(128)
. A
> S
S

® 10-5: MovieLens #B&EH Hadoop £iREE
VA BSRA R e ik, (HEAEREHE T, IR S E X — A,

3. Hadoop ) #1#E & #1

AT T VR A R] 2R £ AP A S o, el AF % B Hadoop F. X HLAY OLTP #5 X ##id
SN E BT, Ak L, FH P AT DUSE B fth W b B S A, B 5B e Ak HL R T I 40
%1, Hadoop bt B FUCH B T5 2 S Rpx P T, ax — AR H %, (Had, FRATARELE
Hadoop kA BLHb R T S5 FE VIR, JREAT,

o BAVIEEAEAFGER] T HDFS |, 1l HDFS J& /NS #¢ J5 b BB . 54T S04 75 22 58 hn—
LEHE FRYSCR

o S, BdRERESCEEAT T, 20RYG, XEATRESA MIERITER, SitEk
PE R A ANE BT B A A L, FIERTG, SEaii8dims Zk, ZHERSH
W T T .
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LA DEATHE SR BRI PBR A — 511458 last_modified, 17 fif & 5 7€
P RS BRI 1T 5 S — AN SR BT B SR L P I R, A — AN TR
RIS, AFGiEE P o BOEETHIN Z . AR BONARE W% BAF i 58—k bF oy
RARIT 2 DAL A Bt 38 R S A S, 0 2 BRI Tl B Bk & 35T, antb—
K, ARATELBEDZ A F BRI 8, B 11 S RE B AR AR AN [R5 SE T
LTk,

£ Hadoop LHYT 22 X AEHY, ATEOE—KAES, NHETBEMATE, AL il
S, S BRSO UL, X B IR T PR IEI R R EAR DA i ok XA S
FRBNAIZFRA user_history, M P PEo B R, AR A SCERE IR FRA user_
rating_fact, PAIXKRFREE —HARBER . A8 SRR PP B, X LS T &R
CERR—AARE: F5L (fact),

B REEFSHIPITE RS, BRERS R — IR IC R AR, AR TN A Hadoop
BARERT, H2@x CARIRITERY . XL R IBNE] Hadoop Bt L EER.

LEIRNTE—ANE 1. {B15 OLTP ot Fe b 55 — KA F M5 26 4ne 10-1 B,
#R10-1: OLTPHIBEDPRAREEHNA,ERR

ID | MR BREIZRED | &b |BRGIID | _BEXEIRATIEE
1 M (%) |85711 24 20 1412924400
2 F (Z&) |94043 53 14 1412924410

Hadoop [ %diE S ansk 10-2 Fios,

#10-2: Hadoop R A4 THNAFHIBE
D |51 EREURAD |8 | HRML R E AR

1 M (B) |85711 24 HAR 1412924400
2 F (&) |94043 53 HAh, 1412924410

BAE, FAURIKEE KA ID 4 1 H P T b E i, B, X B 7 —4
P ID A 3MH P, IBATEE =R, OLTP ¥R ETH I anZ% 10-3 ik,

®10-3: OLTPHIBEPEHRIFRAEBHAFPERR

ID |15 HREIZRAD | |BRMIID | BXREHFEEE
1 M (%) [94301 24 20 1413014400
2 F (&) |94043 53 14 1412924410
3 M (%) |32067 23 21 1413014420

HE, #HHAAID A1 HE e, BB (zip_code) —FIMEECL %A T FHbE
i, AN 85711752 94301, s bk S H7is R 851 (last_updated) A 1412924400 4
BT 1413014400, BA —mEEENE, H/ID oG 3 A e s 7R,
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f£ Hadoop b, ¥Hi)EHY user_history BB HE AN 10-4 FiR,
7<10-4: Hadoop EEHS0IRMFHLAIESE

ID TS BB B4R 7Y Fig BAfL 5 A i)
1 % 85711 24 HAR R 1412924400
2 @ 94043 53 HoAth 1412924410
1 % 94301 24 HAR R 1413014400
3 B 32067 23 RN 1413014420

{EE, AMKICREINE T Hadoop HHE

HUMAYEE — F LR R A BB B X 1D 24 1

WO, BOIMESE —ARICF RN T — /A ID 24 3 B P . xR 5 8ot e gk =
% HERTT RS, b B iy 2 A SR AT ABREAT T BREFFIIC R o

fRATREC S E] 7, DAL AR T R15E, {H Hadoop LAY IWHIMERE R T
%, ZGIRUL, AnRAEA R ID A 1 BH PRI BcmaS, B84 TR A Bl 2,
FHARYE last_updated FIFIIEBE L I — il . EXHSERREE, SEERLMRKN. 5
BERIE, FAT B SRAT — B[R] Z S P S A SR VR DA R P P B B Ay el 2 4 o i £
. SZRMAR, A FREFREMN PSR ERTES, B2 B 12 R
PR E e, FHRRE TR v I 1] 5 B PR ae e lt — R I 50 5

e, TR ARG ) 42 X AR . Hadoop M5 — AN BR S  (RAF My B AS . T F
BAREAUL, — 0 RBIASFRA user_history, £ Hadoop _F3% M8 7 Bifiik (195 A% FH P 45
B TEA—A R XFREMEEE, Ere M P E BR PRI A RS ntr, LA
BERRERE . 38 0 BIAFRA user, AP IUFE—4&ics, AR SR SR A
We 520, MTFEoBdtekit, % —0al4 2 user_rating_fact, fFfifEIEEHIEN
WA P ids, 58 R4 A user_rating, fFi§EF 2 EA T P EBHFo ik, 5
P AR RIX RN . TR — R BIA A T 2it, idskaE T 5 — R4
e AR E . 2R, XA AR PERE & Ee P A e i B B2 2517 £

PR EARLL A, user_history 55 user_rating_fact (PB4 TE F T35 T fRH FOARES B8
AL F IR, 1M user F user_rating ZcHE 8 NISE FA T T30 F P4y 8 ik i, X
FHOFAMAR, F—BIBENH G EIAFAEMRNEIESN, JREEMFAHIEYE EHE
ANEIHITE X,

X user B user_rating X FETCVFSEHTHVEIR IR E, R EMTRIER, FEARND
AR TR BRI BIA, BT PR,

o EIWEIREYEIE, Hand BT Y AR R BRI,
o A ERIE, A A AR S TR R SRS R L S B R

A HEE V] 24 B (B RO T bL Ui ] Do SR (AR A I 2 IR 2 . SWRHIEHR B A A T s
T 1R] 1T 5 AN R — 6y BIAS, XFT user_rating_fact iXFERIFF LR A H ANk, X &R AT
figz2 i+ 2 5t. SRMI(E Hadoop w1, iz A AL 5T, i Bia S A9 3 A sk
SRR, XA I

256 | #®10E
ER#tX£R largelove(largelove@163.com) £= EEHRN



X PEARAN DR Bl o B B A ARG LR 10-6,

K HTRE i ST
— ka7 user_hlstor)/ A user

'3 y
*Eﬁizﬁ user_rating_fact %ﬁ$ﬁ£§2# user_rating

10-6: APAMITNHIE, STEERTHESNIIER

BB RET AR LA IRAT, #BS B4 A B0 B 5z FH 2 user_history Fil user_rating_
fact A Lo BTk, AR Sk IS, MR R A ST A
B AFERY user Fl user_rating A4 b, Hsy BRI~ CL2 80 T 4 A 855 BB 5
W, ML THREI, EHSRE 457,

HE, {EOLTP #E, WL s BRHBA 4 last_updated B ZRAIAIFI, X B ILAL X
TEEBHE AL E B, BME SR g, MASEMRERE L, Bk, A>T Hadoop
HHL R BE SRR ER T . X T OLTP Bt & h Frdlry i R2, 3011 U AE Hadoop Hf &2
TRENE] B 2 B S 2T

£ Hadoop I, FfiTHeZ R A nE 10-7 FiR,

4. FHEERX R ERE RIS

IAEFRMNITZE M E, *T HDFS WEHRSE, B2 R MRS p SR da . e R AL
Pl A P ST B, CSV. Avro Fl Parquet B AR BB IR EMS R, IE45E 1
TAEBIIIBKE, MPERE. E4EAEAE G %I, CSV Ak, X THE &
FEMSHEEREEN, fF Avro il Parquet Z [AIFEFTERE, MIFEIFRE —F., &
AL B A R g

Avro P 2 —TEF H R AUEUE . Xk Bk B 24 OLTP #i k A= ek A8 I, &A1 ETL
BIEAS AT, ETL PR BN SRR B A () an i d o | AR 24
ks, A4 ETL AER ATRE b, LI B A Y E 2,
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Jid INT

< gender CHAR(1) ! id INT Jid INT

< 7ip_code VARCHA.. @ timestamp DATETIME & title VARCHAR(128)

% age INT ¥ user_id INT & release_date DATE
™=, scoupation VARCH... < @ rating INT i & video_release_date DATE

% last_modified DAT... ¥ movie_id INT < imdb_url VARCHAR(45)

< genres VARCHAR(128)

e

@id INT
< gender CHAR[1)

% zip_code VARCHAR(10)
% age INT

% occupation VARCHAR(25)
% last_modified DATETIME

@id INT
< timestamp DATETIME

T user_id INT
< rating INT
1 movie_id INT

@& 10-7: MovieLens #iRE&89 Hadoop £iRtEH!

ifii Parquet 4 3U1A 166 B B B AU PERE L 2. Bt € 4 ih 9GS R0 LU T, X2 TR A 8L
WS 52 HEFRM, M oI e &R SR A EE W A AW R — /N5, X iR
A ER R 21~30 FI LR P, BRIAS B U5 R AL sk i LR 2R T 7 B, (R A —FhF]
KAFEHE, Parquet TLVFBkI TC HECE It fE VB . 5591, Parquet 424 T
ke, ATLUREH T A A A I

WU e, FAT T2 T B R S Ui ) 5 s AT 2% 8. s g, 47
RAeAF LM Avro, FIPLSEAEikE H Parquet,

X EELFRE IR EESE (B user_history F1 user_rating_fact) , Fefl1HEL{EH Avro, X
SRR Sl R KR T R, 2R TR A E] user F user_rating BB E. X Fix Lk
BARERUL, PATAFFRATIRI R A ISR G FE 2 0] K B S i A SRR AT, i
H, XX eedmmsiifi A, RV 2L, HIaT WL, H Avro 7% K FiE hn
AR S R A E B,

XtFA7 fif /£ HDFS LY Parquet £t HEFF HUE IR /NA 256 MB., [AlE,
AR user BB A e R/ N EELHEFERD BRI R /N — 1 Bm 2, N4
WBAEM Avro f7fif user HRIE EAF—LE,

%} T user_rating B a4, FRAVHESR [ Parquet #%5%, KA ix BLA —ik LS RIS %,
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IR S PO N, T WA 1R I R — /Ny F1 X e T sl B A SR
Parquet,

Xt T user Fl movie B, FAIRIFEHERE I Parquet 483X, X2 B A &1 X L4t S 1)
RAEAWM AW T —/MBs 5, ZEIREE, ARERIEH 2/ AR IE 21~30 SRR P
4 GGEINEAEY (1995) HIPE AMET 3 4y, IBATRAMIFE A BN H B %, Bobr
FRAREERF R B ID FAERE o

ETELET, a5 1 FAEBIAALHE, Snappy & & RSS2 —, TIREIEER R
{EF Avro iB /& Parquet ¥47\, FATEBHELE(EFH Snappy HfmRisdb 74y .

SEE T, R 10-5 FIH T AR S B R A7 A AOR e 46 75 5. s & e i kA7 /N
53 B A TR Bt B s A (8 L Z1AEfig #s X, BRI FR AR ) Parquet,  SCHEECHR BN St
fE——user_rating_fact Fl user_history——2 % & 7F ETL {ik &b EH (REEHETINLS
FZE BN, DA A ENR, Bk, i H s 2 mide s, &
TR H] Avro #3X,

®10-5: NEHBENFHBI

Ve S FEEX | EEEE

movie Parquet Snappy

user_history Avro Snappy

user Parquet Snappy

user_rating_fact Avro Snappy

user_rating Parquet Snappy
5 7K

Bk, BATTREZ BT PiZA Hadoop EIVECIR SR Tr X, WRTEE, Mi%i%
MR —ZEAT 5y X . IERARY 2 X 5 AREAS IR DR A L 200 /0 #81E, AR TIZ A Y
AT 515 AT A BB A SRV BE

SRIEWE T X, (RTEE TIEIRTIRER, XToX, EBaA 0T A BEESR

B JE . movie, user. user_history, user_rating A% user_rating_fact,

T 18 e o S B MO BE 4 . user_history 55 user_rating_fact, HEGHE RIS AR TR
SRR B GS TIRBUI TR SE B A A e . AR, d@FE LT, A e mE A b
Wis AT EIBLAE, A WPLL T HAE NSNS Tix ek |, M A ERILWEER, HEAME
W0 EdE, Rikanft e im0 X A EREE, Hf 14 KX R £ To X,
(ix BRI 20 2 R LS X B R/NEEL, T T user_history K1k, ) AR
Bt BN, o R R AE TR

WBHEELT, 2 XY R/NEAE RS HDFS s )/ MO0, MR o4,
% HDFS HU IS K /N iZAE] 64 MB B¢ 128 MB, I 4 45 X P2 K/ A B AU (B 7 1%
1 GB, R RKPEoIEAELL 1 GB 2R %, ABA LRI/ N E 740 1K . B IN—FE
Sk, A P S E BTG N TR 1 GB VAR &, A4 wT AR IR s A #1740 X,
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IAE, 1EFMIREL A P A EIRBIN B I = 5YE5 . movie, user i user_rating,

VAR Bt 22 A 61, T 1R RTREX T 2 I PR o S8 L8R, Bl s B S Fe e
M B H 81 T4 XA B, R, RIXBEFHAMMNELEA | T3 2 5E, B4
H AR EIEE RN R 2k )L MB SRS, (RIXEHBEEAEEIET RN A
10 KB, LA 1 75EB, it 100 MB,) X AEdi &6 T—A sy Xk R . Frlk, iR
HARENEAR R, BOABRDCH T4 X,

BETRMAEE, BT BIEER TR, aRFTFE, B2 RIZRIET 2kt i
X, A EEREEE RN, O ZEIEER T,

BTOREERIER S RIG 1, WRfFES AR KBS, user_rating, FATHLLTIL
AAET %

o Akf user_rating #4754y X, X EREA G B A AT E AT A BAE R HA T, XA
P, B, R T, LR KT ISR IR X B, M iy f 5
MR, XNTHTRSHR VO R, TREEE SRS ohik., H%ERX
skRAVEIE R, I EREAEGE T,

o FRATRTARIEEEA PR O AR I R84 B8 H I user_rating #4740 X, A0SR KD
Sy A EREE TR E ke AR B T (Angeitad 25 B RABiE TR %), IRk %
HIH#E T RA R, SR, (Rt T & F LB, RN Bk & FFRIBLEA H
PR T B CEE, AL Xt T .

o AT AR AR PE5y falt ST B, 4% M8 H IR user_rating #E£74r X, AISRAHD
Sy AR AS T 1R fc T TR H R T (Angeitad s B RAH TS 950,
B MRiZ B T4 OB A B . AR PR & IR kA T, IBLx AR E
FOFTER X . XA R A sk T H P RS Kl MiXAKIdRfF
fi B % POHZ AT BT PR A . — O P B8 TR SR HRZ Py, R
RS, IBLS B IC R T M IH B4 X AR FB Y, FB 3 Bt R ] 45 [X R

VL EFR G RO B AR AR S . E BB — P e T 558 5K 2 508 O T anfal s A

TEAGIH, FATAA PR Bl 7 S M Bk F AT Ui m . Bk, 30 hEssE—

MHR: R PES Bk EHII A, #5088 B BT user_rating #4740 [X.,

BT, AR AR SR 4 X RIS FI/EZR 10-6 H,

+&10-6: STHIBENHXKEE

Hime HRE5F | 5K £iE

movie REyIX AAFAE INEA LSy IX.

user_history R IX FA P 5 B ET R | DA /D (56 FH 122 %6 4 45 2B B user
[k =4 BN VO

user AN5rIX ANEAE INEA 57X

user_rating_fact | $ZR5rIX. FH P S BB oy | LA/ (5 122 55 4 B A B user_
Pt 7] rating BHEER /0

user_rating R IX FA PR LR 4y | LABR 2> B F P B BF 40 B s
F It IF) 3% BEATE R /O
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A UL B LA BHE 52 35 7T LA B & P e iifn), Bt LAGX S5 48 SE#B &5 77 i AE /data H 5%
(W i Bmibii 2 /data/movielens H%) T,

10.6.2 ¥IBEFRE

TEMEGE) ETL b ER T A2 v, %04 M OLTP 0 # e v 32 U R, FRmEk 21548 & 2 v
I, BAA R BdEk B OLTP 5l 7. A1 GHEKAE M OLTP K /7 fik RER
Hadoop MIEARLNT. H4b, FHIEAIAER R BVEAE 7T LAn# 2] Hadoop H, & T LABE R EIF,
ISR A B, X B ESC R AR B4k B Bk IF . ok B Twitter FYRIIESE,

AT AT HE GV, AT ER AR CRE, B 8 EE 9 mikd N IR
(ZniZg B EFE R AHEUR) JREBIRIINE .

MK Z2 5 PEF Hadoop A 2 i 5 2RI LA 58 BRALIE I R EE1E 45, Sqoop 21244 1k e hif
T —Fh, AR FERFEXATH, RAMESE 2 HAP S T Sqoop I TAEREL, Ff4r
T RN ], AR T ERD Sqoop R E R TAIMER, B, XH
W& BT LA f#E B Hadoop 2 B f44: ETL 1. E., %0 Informatica 8¢ Pentaho, #(¥ER%E £5 (4
Oracle Golden Gate) FJIA%REREMS &y 35 b A 3 %5 5 A A5 HE 2R b A 1 A 1l

— L& Hadoop M P43 R B A —Fh 52 A6 8 BB R 5o St e se ik, P s
Jn#F| Hadoop H, AR IF AL A M OLTP RSt 4745 H 4l 3 AL, A8 2wl % ik
SR, EEAEm#E R Hadoop, A anRJRAHEA XEMAE, WHAEGR, Sqoop
A Bk A S TR (40 mysqldump 2% Teradata Pl Tt T H) 52 REIERIZ A,
MmXFFALE T, ERSEH, mEAZMK, UL, R ENEI LG, A1
##1# Hl Sqoop.
A Sqoop 1EAFATERSE, HAT#H—5 T MEdE S AR R,
AT LA IE R TR A
o BAEILFIEH A
FATAT LB X Be R R — ik P A Hadoop, FAZERSE, IUIRTEPITELE S AR
VB, FERRMIIEITFrh, A rgeIH Sk A&, thanH & & | g,
AR S e, FRUEARGI, SAMRRERE Tix A28,
o BABMERAHAI A
BATAT DR IX Lol 2 4 K 5 Hadoop —iR, HH TR &, X BABHLOIER
SRR, A LGS A AT RSS2, FESX A, HURZAE BRI AR
/A, DRI R B R R SR R T X — 2K
o HERMFLHAALEERLEETRIGK A
IR R, Pl 1575 00 B R A WBLE AR & A ke, FFoRix 265 2l v A1 $1] Hadoop
b XEERATUUAIRHE A R EHT . XM T, T RSB IL &R NS
Hadoop AU H BRI AT, JX LE3 th w] REE S 4 BT, St AT 1ok 75 226 S BT gk A7 & 5.
Ifj user_rating_fact 5 user_history ¥JJ& Tix —J %Y,
IRFTRREE GO T RER, AR AAERANE Tax W, B e IR s
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ARG 2RI/, R RARG RS LRI D X LA EAR IS A A
], AEZAAAE TR Sqoop (R4 HISIERA i 25 5.

EE, BFARLERNINEAL, BdiEmAKR, BRI NN A R Parquet #5X,
WA CNTTABL CSV. B IESN Ui R £t b S8 B b, AT TESE Avro 5K, 24
Pt TR BN, BANATREHEIES X IR,

BAE, 1EFRATE A Sqoop i HEZEHE S OLTP 5 A Hadoop M. HLiZEHELE
FtE B K, BRI AT AR FATT R T4 585 AL OLTP 04 2 4 il ] Hadoop . Ait,
(BB 1% 50 P8 42 7€ OLTP Al Hadoop H R 2R IR & AR, L H&7E Hadoop L,
2R (gen_re) HHRZIHIN MR (movie_genre) TR FIMEILALEE 2 f5, WA THES
KRR 5. TN EHITRIPARIE, # movie, movie_genre 5 genre K AFHHK—
KR ge ., ik, ROTAFF AR,

o FATATLALE Sqoop 1155 HHATIZICIRERTE, Xk Erk &t OLTP B AT 61k, %L
YE1E Hadoop 75U B 252 B T X MIFL7EALALEE ,

o FATATEALE Hadoop EHATIZICIARIE, Ff movie, movie_genre LA K& genre # M OLTP
i JEURE & il 2] Hadoop W RIRT, 4 T K447 Hadoop 1145, SEBL = 5K 504 2 2] /AN 50 0
LM R IR L AL AL HE

) A W —Fh 5 3. — Ak, Sqoop HHFH & XIEARMAE N T A, 2B,

Sqoop HJ'F AL AT LAV E BRI SQL, HMAFX /61t & join iHA), i, XS

APRE PRA R ), ASSHF B E AIRS, where FA)HAREL & OR 45 fF, fEIXFRE L

T, BATETHEEREHIMIZSE (40 --split-by) SREREATRNFFATIL, AL XTI

WG T g S N4k B 5 2% Hadoop JeBRAT S5 RRAT, FRARXAS RIBAE S AR A i 8, B oh—

ANFHERUL, A% OLTP A4 A REAEVTIR _FEe A Sk, i Sqoop K#FTREHRIES S

OLTP RGeS . FATHVERILANT : ACRAEIREAE 4 AT B & OB SQL A ifkt

BEfE#, H OLTP BB FEREME & P TIX AR IE A, AP A mtRH B & L&Y Sqoop F

A #nf SQL EiRE ZsliE OLTP R4 RIRA MR, A2 mtik$e/a4iia1T Hadoop 1155,

ABESRIEE A T B, ILAE Sqoop 55 H ELARHRE «

#!/bin/bash
# AR AR AU (R AR e A R

# A0 SN TIE B E B rmdr TR,
# mTEEA]] A RERSE.

sudo -u hdfs hadoop fs -rm -r /data/movielens/movie || :

sqoop import --connect jdbc:mysql://mysql_server:3306/movielens

--username myuser --password mypass --query \
'SELECT movie.*, group_concat(genre.name)
FROM movie

JOIN movie_genre ON (movie.id = movie_genre.movie_1id)

JOIN genre ON (movie_genre.genre_id = genre.id)

WHERE ${CONDITIONS}

GROUP BY movie.id' \

--split-by movie.id --as-avrodatafile --target-dir /data/movielens/movie
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VA b i & E OLTP $0# B EhAT— A RIBHRIE, R MG RZBiR R AT T
Hadoop |-, SAJGHIEARELL Avro FIR A7 IAE HDFS 1) /data/movielens/movie H% T,

SAGERE, WIIFEAFCIE—/NICER Hive 2, JomIRMS (LR T RE,
X EMRIERE R &3] Avro FARZIHA ,, FH(E I EEST Hive 3.

#!/bin/bash

# AR SR, R 2

# 17 RAY| | BHOREEE ST AR, IR () TR AT

sudo -u hdfs hadoop fs -rm /metadata/movielens/movie/movie.avsc || :

hadoop jar ${AVRO_HOME}/avro-tools.jar getschema \

/data/movielens/movie/part-m-00000.avro | \
hadoop fs -put - /metadata/movielens/movie/movie.avsc

hive -e "CREATE EXTERNAL TABLE IF NOT EXISTS movie

ROW FORMAT SERDE 'org.apache.hadoop.hive.serde2.avro.AvroSerDe'

STORED AS

INPUTFORMAT 'org.apache.hadoop.hive.ql.io0.avro.AvroContainerInputFormat'
OUTPUTFORMAT 'org.apache.hadoop.hive.ql.i0.avro.AvroContainerOutputFormat'
LOCATION '/data/movielens/movie'

TBLPROPERTIES ('avro.schema.url'='/metadata/movielens/movie/movie.avsc')"

R, AT E SR NI (EXTERNAL) , XFRMAEMERE RV 145, i BLIRA 1M

PRFE R IR, ASERTTESE, BN, TEFERNT) CREATE TABLE {EA)Ad, ']

FEQIEE Hive RN, BATR AN, BN 22, 16 H avro.schema.url JEPETEE

T Avro #5835, X Hive PUREZUSE FT LAARYE Avro AT AE ok, X FhA 2, A4

DAEPRAE PRI R, —AN7E Avro #1, —/N7F Hive B, ‘BT LA Avro Hf

7E SRl —/ MR,

Z AR R R EARFRA UL TR,

o HIL, WATFEEARPUEAFIEAE, SRATE Hive POl Sk X 0,

o R, Tl 1EREBTEESEBUE SIS Ic T, Fhx s EduE nE Hive £, H A&
FREIF R b,

Sqoop ZFHEES A, XLEWE, HER FIREBRINX T BEHEHNEdE O

VEAE e (R Bl A2 H 38 ID), Sqoop kAT AN 2 Bl — kAT B B A i T2k, £ T —kih

FrIHE X AME, DABRIE R BUEGH B & B e e 4T,

S T X AR, 1T QI8 Sqoop MITTEIE AR (metastore) , ‘& AEfi# Sqoop

LS HIRAS . Al )2 3h Sqoop MITCEHE G-Ik S5, X HLRT Sqoop M43 57, A {E

WS, LU AT service fiy4,

sudo service sqoop-metastore start
IR RS 2238 T Sqoop, NIRTLAE AN T 44,

mkdir -p /var/log/sqoop
nohup "/usr/bin/sqoop" metastore > /var/log/sqoop/metastore.log 2>&1 &

AR PRIE T TR TR, MR % AT Ll % T B 5 3h Sqoop FITTEER S .
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B TR IRSS Ja, IRATEAE R A T s R A LS.

#!/bin/bash

SQOOP_METASTORE_HOST=1localhost

# M EAFENTESS AR ATRAE,

# AT | BORIR B T, BIA AR Seth AT

sqoop job --delete user_rating_import --meta-connect \
jdbc:hsqldb:hsql://${SQOOP_METASTORE_HOST}:16000/sqoop || :

# TODO: Made minor changes. Test this
# ABEHIve NELE T /usr/lib/hive H T, W5 B A e HIVE_HOMERA i B
# QR f¥ fApache Sqoop 1.4.6 % LA FRRAS, MITCATX AN
sqoop job --create user_rating_import --meta-connect \
jdbc:hsqldb:hsql://${SQO0P_METASTORE_HOST}:16000/sqoop \

- import --connect jdbc:mysql://mysql_server:3306/movielens \
--username myuser \

--password-file hdfs://${NAMENODE_HOST}/metadata/movielens/.passwordfile \
--table user_rating -m 8 --incremental lastmodified \
--check-column timestamp --append --as-parquetfile --hive-import \
--warehouse-dir /data/movielens --hive-table user_rating_fact

VL FBIAS B T —AN 444 user_rating_import FIESS, FHBHZE S AAEF Sqoop TLEHE ik
MR S5 Hh . ZAE S5 B MR Ay A F7 HR 9 P 44 0L K HDFS _E [ %5 5 S 3% 4 3 MySQL OLTP
R, FBEE)E Y user_rating %5 A\ Hadoop, 1%1FE 53T ik S AR H] B B
W EFEM T RS A, TP ANEIESEME] Hive W, 1 HLLL Parquet #4317k, f&
SRR BT R L b — kBT R BOE R AT, st B bk B TR BE BT
AR $5 8
PATUA N4, isfriEtEss.
sqoop job -exec user_rating_import --meta-connect \
jdbc:hsqldb:hsql://${SQO0P_METASTORE_HOST}:16000/sqoop
WRFRIFR A LA, BATABMTER T . BIKISITIEES, Sqoop 155 &BS 8T
$eEa8 nFE) 442 user_rating_fact Y Hive &K, 2R, JE8LbA e HZEHITIIHES .
o MRYBVF A BT Bkt A, dER SRR T X
o RIERM R, FhMEARTUAME SR R meiE (EbanH P s B, ATk
TRERPEHTE BC R A B AR, AT 2l i 5 2219 Hadoop 1 55 168 n#
user_rating_fact FJEHE & 2 user_rating HHARE P, X TXELFHHMEL, HS
%] 10.6.3 5,
o RATATREL TR EMHIT e R A HE, DMRIEGEIRFR RS TRIE .

10.6.3 #HEAIE K 510

THE T 4nfil#E Hadoop b $c¥a SEIEAT EEARIR AR, 5 TR IA 1R B B 4nfaf A FL 7% Hb 17 fil
HIBAE .

1. 9K

TR HAR S XS A LT =M,
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o T EAERN LT X
o TEREIRMBEIRMZ A KA,
o TEE AR H BRI o A IR

SO AR R T, RATE LA — AR o R, AR5 M IH 2 b i3
W, BRI R B S X b LR R AR — 2 SInEEE R SRR 4 X
FeMi AR

FATE S 03—k 47 X AY user_rating &, WFIEME, A, BillfroX, EHMH S
JFR Y user_rating ¥R —F,

#!/bin/bash
sudo -u hdfs hadoop fs -mkdir -p /data/movielens/user_rating_part
sudo -u hdfs hadoop fs -chown -R ${USER}: /data/movielens/user_rating_part
hive -e "CREATE EXTERNAL TABLE IF NOT EXISTS user_rating_part(
user_id INT,
movie_id INT,
rating INT,
last_modified TIMESTAMP)
PARTITIONED BY (year INT, month INT, day INT)
ROW FORMAT SERDE 'parquet.hive.serde.ParquetHiveSerDe'
STORED AS
INPUTFORMAT 'parquet.hive.DeprecatedParquetInputFormat'
OUTPUTFORMAT 'parquet.hive.DeprecatedParquetOutputFormat’
LOCATION '/data/movielens/user_rating_part'"

BTk, AT PR B I E N R AR B 4y X

#!/bin/bash
hive -e "
SET hive.exec.dynamic.partition.mode=nonstrict;
SET hive.exec.dynamic.partition=true;
SET hive.exec.max.dynamic.partitions.pernode=1000;
INSERT INTO TABLE user_rating_part PARTITION (year, month, day)
SELECT

*)

YEAR(last_modified),

MONTH(last_modified),

DAY(last_modified)
FROM

user_rating"

WRBHE LT THII B F, IR ATFERX L B A IS o X, it
FTLA TR E S

#!/bin/bash

hive -e "ATLER TABLE user_rating_part

ADD PARTITION (year=2014, month=12, day=12)
LOCATION '/data/newdata'"

2. EH/EH

E—SEE UL, (UOCEHT R SEIE A N2 A R PR AR, A RHERA15br
FXOA NS BTk, than, JRIMTAZBRA 4R, ReYHrekEEe (il
) W, FATFEZEE B user BPB4E, IO E T W user_history BB EMIN T, X —B5,
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FA IR SR AR 528 A 2] user B4 E.

YRPIZIA IO, HDFS &4~k B A (write-once) WISCHERSGE. FE4ES A HDFS 5,
A IR BE T & S — /5B R BT —SRidok . RATEFE TR EAGFENIE KM
PRI R, SREE IR A E s, R TR T S o B X AN BT S
tE k. B, TATEH Hive MoCEHRE R, B R &3 RRIHETC .

AR EFERAFEIEE R, BEARE RN, BUTE B ASRRR. x BA =R AT DA g
[) 7,

WYX KRFATLA T4 X, Bkl E AR R — /N sy X . B0k, anRaETT
PUARELE 90 K ZNBUH, b2 RAEEEHT 90 Ry X AT EE HIAE ik,

B4 Hadoop LAEERIFABZEER, Ly RIERL . mRIRTEELLE HFE
DR AHREIE , e B0 5 M IR AR RER T 05, CRIEFTTRIY /O FAbERWE IR
R “ZEE N MAERMFRA, EEESMEL S, A48T HDFS A& fkid
B T3, RTLATS B 0 %5 5 1) 26 47 ik 2 HBase ", Hive 1 Impala #5535 XF
HBase fll HDFS ERUSHE b To6e, TR, ERILEHAEIRT, X AEMEIr R & i
TR . W R R ER AR R, X R ERAE & AR DL
A fE HBase H LU {E HDFS HH B 42512

[Be C e {8 H] HDFS 1EABE A6, i Hoeh Tk sk i 45 B3k, Bl TF24% Sqoop
HH FTET R SRR B AFKrb . {E Sqoop HUM RS AEFZIITREEZ G, BITA TREHK
TERILAT P H %

/data/movielens/user

BRI,

/etl/movielens/user_upserts

BILR . Al RERgn, A ST s R T A ERYIC R . upsert — fal il
A THEH (update) FHEA (insert), 7R85 B30, ZBIRELE LR ETRNH
ST EHORE A,

user_upserts ZHERER IRIE AL TR,

#!/bin/bash

sqoop job --create user_upserts_import --meta-connect \
jdbc:hsqldb:hsql://${SQO0P_METASTORE_HOST}:16000/sqoop \
--import --connect jdbc:mysql://mysql_server:3306/movielens \
--username myuser --password mypass \

-m 8 --incremental append --check-column last_modified --split-by last_modified \
--as-avrodatafile --query \

'SELECT

user.id,

user.age,

user.gender,

occupation.occupation,

zipcode,

last_modified

FROM user
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JOIN occupation

ON (user.occupation_id = occupation.id)
WHERE ${CONDITIONS}' \

--target-dir /etl/movielens/user_upserts

BRIG, FRAIL X EEFEIE upsert B B —5K Hive &, LARABLEEAILALE .,

#!/bin/bash
hive -e \
"CREATE EXTERNAL TABLE IF NOT EXISTS user_upserts(
id INT,
age INT,
occupation STRING,
zipcode STRING,
last_modified BIGINT)
STORED AS AVRO
LOCATION '/etl/movielens/user_upserts'"

BRI, FATTRE S M it

95— KA INIEA), HF user_upserts 5 EAFENIEEE T A I,

WAIFERB AR PGB, SR, 7£ Hive i, INSERT OVERWRITE #{EAA{R 11,
T AEE AR, BRI P AR B A -SRI E. Hik, 180 —
sk H P BIRER (FRz2h user_tmp) , $5& FFIRHIEE R0 A X KSR, SRIG s 1-HE

B P EBR, 2B AR,
40T /& user Al user_tmp {9 CREATE TABLE {& 4],

#!/bin/bash
hive -e \
"CREATE EXTERNAL TABLE IF NOT EXISTS user(

id INT,

age INT,

occupation STRING,

zipcode STRING,

last_modified TIMESTAMP)
ROW FORMAT SERDE 'parquet.hive.serde.ParquetHiveSerDe'
STORED AS
INPUTFORMAT 'parquet.hive.DeprecatedParquetInputFormat'
OUTPUTFORMAT 'parquet.hive.DeprecatedParquetOutputFormat'
LOCATION '/data/movielens/user'"

DT=$(date "+%Y-%m-%d")
hive -e \
"CREATE EXTERNAL TABLE IF NOT EXISTS user_tmp(

id INT,

age INT,

occupation STRING,

zipcode STRING,

last_modified TIMESTAMP)
ROW FORMAT SERDE 'parquet.hive.serde.ParquetHiveSerDe'
STORED AS
INPUTFORMAT 'parquet.hive.DeprecatedParquetInputFormat'
OUTPUTFORMAT 'parquet.hive.DeprecatedParquetOutputFormat'
LOCATION '/data/movielens/user_${DT}"'"

EBRttX£R largelove(largelove@163.com) =
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{ERL, PR T LOCATION -7 U Ar EAF EANIE , user Al user_tmp FYZE SUAETE 2 —ELHI

BT ORA B B EAFERIZR, BREGHTHERIL R, TR & AR, Frrvie
ERMOCAERILT (SRR AMERIICTEERN) LA RS,

FERXABIFr, FHGEA o D, AR AR FORIY T P {5 B2 XHY, AT
XX TR IEAHRI A AT X TR, BATAKKRERE T — M EEE, EXAL
BRETEHNEAE. XAEMREM AT - 5 BRAVG BEAE, I HATUALEE St A&
RIS

B2 TR A PRI A R

#!/bin/bash
hive -e "
INSERT OVERWRITE TABLE user_tmp
SELECT
user.*
FROM
user
LEFT OUTER JOIN
user_upserts
ON (user.id = user_upserts.id)
WHERE
user_upserts.id IS NULL
UNION ALL
SELECT
id, age, occupation, zipcode, TIMESTAMP(last_modified)
FROM
user_upserts"

VL EAIRIERERRYEE R, BREAMNH PG ERP S T A A S user_upserts 105k
BARIICT (FFIERE, Tl 12 1%E user_upserts.id 20T, X EME X RAY ID %A 85T
AICsR ), SREFFIN_EATABYICk (UNION ALL SELECT * FROM USER_UPSERTS), Ffil#% T
Kl A IS5 RAE A user_tmp BHEAEF

#!/bin/bash
hive -e "ALTER TABLE user SET LOCATION '/adta/movielens/user_S${DT}'"

xR, HAPEREP YR ENATEEIE T, IAE, FATATCAMA user_upserts
Z, BILRZIGSERI user_${DT} H et al AL T ,

10.6.4 HiEERE

REEM T, £ Hadoop AT ETL $:1ERYE ZMEAE T, Hadoop S FABLETE5C & B 4
FEHp TR R IRFE R IR R A8 1E. stE BB, AMIESIN X & —FhEmgm
SrBre FEAR KBRS EIEATAR A R AR A 8E CGRR. i EEekorsy) 1, R
NASGNIE W] DA X BRI AT ROR W i, X2 A% T Hadoop SR, & XA & A
HATHY, &dEEEATE Hadoop LiEATHIEEME. Hadoop MU JEME S5 HHXHICHER A AR &
SLA B AL T KRR IE, X —RNR SR EEEBA T E&IRAIE IR
Pl ARG FEN G EHIR B, A,
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T REHEREE, B A0 A6 F k& Gt E P R E g I PR IR B, 4n
KRB RIFLRRE—RRE, KR —NEW RN AER, A, XFEAERERHR
LR Hadoop B L PAAT 3 & AH 24 DRI, X e IR OW P - LS THEBOR RE W8 A7 AT T
B

VA& 7E Hive 8 Impala HRTUA{# /] CREATE TABLE AS SELECT (& CTAS) HAITEHK,

#!/bin/bash
hive -e "
CREATE TABLE user_movie_count AS
SELECT
movie_1id,
user_1id,
COUNT(*) AS count
FROM
user_rating_fact
GROUP BY
movie_1id,
user_id"

SENG S, — /AR ARG R U R R85,

#!/bin/bash
hive -e "
CREATE TABLE avg_movie_rating AS
SELECT

movie_id,

ROUND(AVG(rating), 1) AS rating
FROM

user_rating_part
GROUP BY

movie_id"

HE, B AEELL Hive 8¢ Impala 245 B, VR AT LR {1 Hadoop A0EE T B, LUl 4
B BFe B, WTRETE SQL Hp ek sk Bl (bhantbBEZS 1Al BR %, geospatial function) B
HH SQL R TR (4% 8 BALRISTEA BB ) . T2, ETL AGUIPEEHR
A3 4 BB Ik SQL R 5EHK, 1fi Hadoop $&fit T KR EAY T H, mTUARDRMERAE(T RS, anik
R R TEPITR AHE, REREERE FOE kiR, F ke LUl
Impala AR HI TV T,

B#F, 1E4n 10.6.5 HEHERIMEE, it A AR A REEE, RIMATHE
i/ Sqoop FHEEREF TR EAR CEF . B TxH, iy BI THATREER & F.

10.6.5 HIESH

BB g e 2 Jn, AT R E BRI e R, — Rl ) 20 K Bt £ B 72
Hadoop "1, ffJHl Impala FEE A BI TR/ TR, Hive WA LASEBX R i, SRif0, 40
RAMIER TR, Impala & A ATE.,

Ak, REFEUT, REWFEMHVE LB TRER & TitwATHERRIEZE =
TR, BPORM T EARSKARTEEE G A, FHX LR 28 A Hadoop & — K%
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$eit, RUHIHE,

FEXFRIE LT, FRATT ZE LA — P a0y 75 20 A B 5 W 5088 M Hadoop H 3 HY, A5
AR ZAVBIEG P, XBA LML, PRATCAME HREDS 5 Hadoop 2 B ETL T H (4
Informatica il Pentaho) , —SE8E e/ (B ATER—fEHImi2 Oracle) , #IA & PLibry
EHERS, FTLLM Hadoop ] B B 508 72 5 A B . S AT 5 23282 R H Sqoop.

ffi FH Sqoop R (& B 5 2 A B A MR B fE . XTI AS A& sqoop import,
MMiA& sqoop export @y 4>, 2 FRAMLEARASTH o MO BRI L AR E ., Xk E%RE,
B M RS A 2 BdRERE R . AT s R, O 5 ABdEERIE > B
ETE TG EL, X AR A N SR, Rk, FRATHERE M Sqoop HEATIEE . £ AR
BHESARIRAFR T, YA NEIE S HEBUG, FREEAR A LR ES AN,

[ERHERR SN —, SHEDETRES T MACRATHIRAFE ST, Sqoop S = Fiis.
Ul . DUEETANE & REERIESD B CRI R S Sk FE IR S H AL, R E—14
ERTAEE, XA %S RAIME—FE, Sqoop SARYEIZBEINBIIL R A CAF(E, FEmithaT
SHr. PAIEAE Hadoop LANFESG RIEAR B AR, XA HELATRARIE Y .

PAT &8 Sqoop S MBI — A ARG, i AFISE B WAEEN

#!/bin/bash

# PATLL T A A8, DWHHR 1 H 3R B2 Y A7 T

# H Hot Tz 7SqooptE 55 I Pk kT S EAUR

# R ERIEMNT

# CREATE TABLE avg_movie_rating(movie_id INT, rating DOUBLE);

sqoop export --connect \

jdbc:mysql:/mysql_server:3306/movie_dwh --username myuser --password mypass \
--table avg_movie_rating --export-dir /user/hive/warehouse/avg_movie_rating \
-m 16 --update-key movie_1id --update-mode allowinsert \
--input-fields-terminated-by '\001' --lines-terminated-by '\n'

et — AR ARIRAYEE A Sqoop ILILIR I SR, A2mEH B, XLEiEHEe
SRR, > TER ERINE, T TS HERE .

10.6.6 FRIEAE

%~ ETL ACPLE fE - R sebe 2, w3 T ik LR A sh bl eE T, anz pir s He s
e, mAREE R LLE L Oozie (0SB HIFIR MR T 1016 ) St e G mmiE iR g L
HokseH, Autosys. Activebatch LK UC4 #2& % AR L E.,

R YT L Oozie, A4 LVEGMIZEELL TP A,

o —AHTFEREEAER Sqoop #-1E.

o —AHTFPITEIBE R, X, AFHAY Hive #1E,

o /MR AW Hive 8¢ MapReduce 1,

o A HTHERTHEEAE AR Sqoop #1E.

E MR ZsId, 1B S T Hive Fl MapReduce #2ERUHI T, EXE, 1EIRATH
L —T Sqoop 1,
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<action name="import_facts">
<sqoop xmlns="uri:oozie:sqoop-action:0.4">
<job-tracker>${jobTracker}</job-tracker>
<name-node>${nameNode}</name-node>
<command>job -exec user_rating_import \
--meta-connect jdbc:hsqldb:hsql://edgenode:16000/sqoop</command>
<archive>/tmp/mysql-connector-java. jar#mysql-connector-java.jar</archive>
<file>/tmp/hive-site.xml#hive-site.xml</file>
</sqoop>
<ok to="end"/>
<error to="kill"/>
</action>

HE, BPSTEGEAE Sqoop TLEIRIR S H I —/ANMESS, BATHFEEUF Sqoop B ATHE—A~
155 (X BB EHR LR A 15 S8 LLER: Sqoop MITCEE) . Ffililid <command>
B S RAZTE . Tl A T 245 %0 Sqoop 1 Oozie, JDBC NN & LL K Hive Bt &
SCHERIAL R, XN A4 BT <archive> il <file> ZHGHITIRE .

EE, AT TIERESEE 24 Sqoop 1E (BAER—) . 240 KA.
EARAHRE, 5%, BATTLGA S 6 #AIRHY fork-and-join FESEH,

Bl 10-8 JE RATsE 2 TAEMEE R IR T,

[ X |
| J J
SqoopSFA || SqoopFA Sqoop A

user_rating movie user
J J
A 43X
J J
[ L4 |
J
I 23 I

L A}

user_movie_count | |user_movie_rating

J J
[ L& |
J
[ 3 |
J J

Sqoop 3 Sqoop it
user_movie_count| |user_movie_rating

10-8; ETL 2289 Oozie TYEMR
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10.7 Ih&

A TECHE S S5 s 4 )% FE8E Hadoop FIME S, FRA1 T fR3, {# A Hadoop {1
7 EDW [ #hFE i 2 T ETL ££: 55 19 SLA, #/b T % EDW i iyt £ &5 A1, 4 Hadoop
TR T — 1 Sk BRI S AR AR &5 Fl— /> SRR B T B R & . el
LA MovieLens “Afil /437 OLTP A& RS, iR T 508 4n{i S A Hadoop, LANTE
Hadoop H Al LI BcHE 3t 47 B34, #2 Tk, (12T Hadoop i MovieLens 18 %,
AR T —RAR, HERSHERIECES . FATEER T A Oozie iX HERY I B
THWBRAER A, ELLR S0, (Rt nT DR 2 b sl B S5 # (L 5dE 5 EDW iy
s R LA R0k,

Al AR TR ], RATLARE I Hadoop #h7E A Y EDW, 4THk5 A ZEA9 IR &I, MEL
b I ECE 247 (H
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fy SR A

Impalasi) KEx

58 3 Tk Impala HYSEAIE LA A R BEREAT T 248, fEAKEH, K T ##— T Impala
Tl LRI FEAT o A ORIRIE AR I8 (join query), {EABEEZIE, Impala SCHRFHIFICIEK
Felg: ;4 X£H (broadcast join) 54 X G # 7| %% (partitioned hash join),

A1 T KB

Impala fc e KRBt AL T & 0CHk, XA BOAM B, AT & SO e,
Impala 2 B/ NIBIREE , R0 R 4 P A RIS K W) Impala G 6 R)T . &5
PATIZHRINY impalad HEGBIEARE 2 G, ste LG A (hash table), > B E T
WA, T3k, 84 impalad & #EIT S BUR K EHR EEAE, S BANFRIEE X,
A —fTEAR AT, BERAGICE (BREEFTERFISEEE) . T AR R KRB LN £
ESNZ R N AES, Bl Impala (] 1 GB HIZE th Xk 4y BHERAHIF, R J5 4 BRI
FroRBRERIE,

B A-1 FniE A-2 2 TAEREEME, B A-1 JBoR T84 impalad 205 75/ N B . %%
BRI A R B, (B FERIR —F 2 2/ 0a MBI,

KT AR, AL ILATREER,

o fEEATIR L, BUNOEARELRS S AN N BIXRE =AY, AR
Impala Bt B A 50 GB WNAE, T #EASCHE, B/ ERRI% & T 40 GB, 1M fERE
HLENAEA 150 GB,

1 BT SEBRis AT Z #2440 impalad,  PAR3YFKZ A impalad. —— PR E
{F 2+ hash —i A DUZ G A B, ASSCIRIESR B e A P
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o WG VEHR A RS /NRI 2B R, TG 7 & —— 2RI 71 UL K A 1R
WHA R H e — R A e NE I — /Ny 51, B2 A X R4 HI B 25 5
FHIHINAE

o NERIEHE S KB4 impalad, XEEERE, BiEo K SLHME, FEE WY
B IR R T,

o Impala # 1 5E FAROAIEILES (cost-based optimizer) PEfEZEATIK/N, JFIWTHE—ik # 4
INCA B LIV 75 R TR B 2 DN, TR E A T AT #EO0CH, s RAE TR Y
RALERRENE T MR & AR/, Bk T DA h & R A iR Rl Bk,
WA AR AR IS THHE B X Tmpala FOPERESE R A HEB) .

Impala/i 52/ ImpalafF & 727

INRSEL:
S A7 e

Impalaf5 & 27

Ihg5EL
A7y

B A1 [TEAXEPONRES

PR TR ANGAT I, BB SRR ER ik & LR AR 75 5 A s N EAIR B A i
M RAATHRS . A~ impalad SACBBCREAR R —804, BB EdERING, ARn
RIS TT i, anlEl A2 Bior.,

Linfal Han Linfah
Impalaj5 &5 Impala)5 &2 F Impala)5 & F
Hash Join g% Hash Join & % Hash Join & %§
Mg | hgsE4 <23l
e A7-fiy 1 e A7-fiy e A7-fiy

b 3i0)
Bt e

ERttX£R largelove(largelove@163.com) E= EERRN

b 3i0) b 3i0)
PIGIToS IGIToS

B A-2: Impala BBy BT KEX
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WHEROLT, A impalad 23305 AR b g AL 15 U B Bole S BBt DADSi b o i 4%
WIGEI . SRR B NEOE SR D AFE AT Alh, IR B M R HIr . A, 4Rk
BRI RIEF LS SEIRTHRIRSRI M SR ERE, X B R ARSI ZS e, &
A2 BUE A A SRR R R A

A2 HEXEESIKE

Sy X RIS T A 2 TR, AL RBAESE T T o6E, i ASA Bk FHE
FERAN S, RGHEIERZREE L 2, CEBE TR ARAETY, & 1%
TR TR, BT X e BE R BHRE, 1ZBRI s S EH .

L PA70 X F AR E (hash join, HUFR shuffle join) B}, %— impalad &15% — %
PR /NI A BB YR, — AN o i AT 4 X, SRR A o X RS B R
impalad H,

2R A3 iR, o XEEI ST RO E . AiE S — TN AR EN T,
MEZE A RN ERE, Bk, R Esoh i HERP N AR TR,

Impala Impala
SRR SRR
Hash Hash N cEx
Pani;ioner Partiti\oner i 152 17
S ——\
TNy IR
Kb G2

B A-3: ARPXBHIIXEKDP, NROMEEZER

A-4 JERoR T 43 IR RO SRIRHY B R AT 2. BRI = A impalad, 24 118 TR, 3K
IS A —A impalad, {HREERNE, FrA Y impalad #2572 LIHIERE,
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it L)

—~

~

N ~
/{n A Impala A Y
1 A
Hash Hash A
Partitioner Partitioner | > :
‘ . = 7
T
——\ ——
KK KK KEH
Kb Kb Kb

A-4; Impala PEI XIS ERTIRER

WMEFR, BRI 2 (8 AR 5] A A1) B8 OB A 6] A 5 DX, R Bt 2 32 B8 B2 A1
B AERAT R BB TRIBRIE, B/NERERIETICRCE g, R, )RS A K
2% bR — R BE Sy Ko TREAT Sy X RLSISCIRIT, IS RIVBHE AL AT R 9 K,
W2 FR BT B SE K

REE—T, Impala A FEFOCIHSREL . [ AR S o KRS, R T2 R 2 1)
WAF, FUE A AR/ DRI A, JRENE S R LM RRE, RinsE—a, B2
& T RERIR 5.

Impala S H#{E SQL &7 I Nt 7x [BROADCAST] = [SHUFFLE], LABH i FHWBFh G IDE 5 s .
A RBIANT
select

from foo f join [BROADCAST] bar b
on f.bar_id = b.bar_id

HAE, FRATAHERALE SQL HhERIR, BIAX & S IR IS I i B A 15 )b . —
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